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IIpeauciioBue K TpeTbeMy PyCCKOMY
U31aHUI0

Kuura maypeata HoGeneBckoil mpeMun, OIHOTO H3 co3jaaTeneit
KBaHTOBOHN MexaHuku OpsuHa [lIpéaunrepa «UTo Takoe KU3HBL?» HEBEIHKa
no o0wbemy. OCHOBaHHas Ha TpeX JIEKIMAX, IMPOYUTAHHBIX aBTOPOM B
¢eBpase 1943 r. B nybonmmHCKOM TpHHMTH-KOMUIE/XE, OHA OKasajla W
IPOAOJDKAET OKa3blBaTh CUJIBHOE BIUSHME Ha pa3sBUTHE HE TOJIbKO
MOJIEKYJISIpHOH OMOJOTMH M OHOJIOTMH, HO M BCEil COBpEMEHHOI HayKu B
nenoM. Pemaktop cOOpHHKa, TIOCBSIIEHHOTO CTOJETHEMY IOOMIICIO
Hlpénunarepa, Kmimucrepc ¢ HONHBIM OCHOBaHMEM HaszBan «UTo Takoe
JKHU3HB?» «OIHOHN M3 «MalbIX KHHUI», OKa3aBIINX BIHSIHUE B UCTOPHU HAYKH».
W xors aBTOp cCTapaercs IPeACTaBUTh ce0s «HAUBHBIM  (U3HKOMY,
BTOPTUINMCS B UY)XyI0 IPEAMETHYI0 OONacTh, YHTaTeNb O€30ImMO0YHO
y3HAaeT PYKy MasCTpO, PasMBIIUBIIONIEr0 HaJ BAXHEWIIMMH MpoOiieMaMu
Ouosioruu, Wid, B 0ojiee 00IIeM IUIaHe, CIICHUGUKH KUBOTO.

Wnen O. Hlpénunrepa yCIO0BHO MOXKHO OTHECTH K JBYM TJIaBHBIM TEMam
— (TOPSIIOK U3 MOPSIIKay U «ITOPSIIOK U3 Oecriopsiakay.

K nepBomy kpyry uaei OTHOCSTCSA Pa3MBIIUIEHUS aBTOPa O TOM, KaKUM
00pa3oM OpraHu3MbI IIepeaaoT UH(GOPMALUIO U3 MOKOJEHUS B MOKOJICHHUE,
KaK TeH, WMEIOMNH MHKPOCKOIHMYECKH MaJlble pa3Mepbl, MPOTHBOCTOMT
TEIJIOBBIM (QIIYKTyalsiM ¥ yIEp)KUBAeT HACIEACTBEHHYIO HH()OPMAIUIO
(mIpeanHrepoBCKas MOJENb «ANEPHOANYECKOr0 KPUCTAIIAa», B CTPYKTYpe
KOTOpOTO M30JMPOBAaH «IUIAH» OPraHU3Ma, MEPEKINKAETCs] C COBPEMEHHBIMU
MPEACTABICHUSIMU 0 Mo3anKax [IeHpoy3a 1 KBa3HKpHUCTAIIIAX ).

[TomBeka  pa3BUTHA  MOJEKYSIpHOW  OHOJOTHMH, HEPaBHOBECHOM
TEPMOJMHAMUKA ¥ HEIWHEWHOW (M3MKM TOATBEPIWIH IPOPOUYECKHUIl
XapakTep ¥ MioJoTBopHocTh uaeil Llpénannrepa, oTHOCIMXCS K mpodiaeMe
«TIOPSIIOK U3 OecTIopsIIKay.

«Yto Ttakoe >ku3Hb?» OpBuHa [lpénuHrepa mnpoaoKaeT uUrpaTh
aKTHBHYI0O pOJb B COBpeMeHHOW Hayke. OO0 3TOM CBUIETEIHCTBYET
KOH(epeHIHs, TIpoBeeHAas B ceHTsI0pe 1993 r. B myOimacKoM TpuHUTH-
KOJUIEIDKE 110 CIydYalo IIATHUACCSATIIICTHS IIPEIWHTEPOBCKHX — JIEKIWI
(Ha30BeM JIMIIb HEKOTOPBIX M3 U3BECTHBIX MCCIIEA0BATENICH, MPEACTaBUBIINX
nmoknansl: Maudpen Jiiren, Pomxep Ilenpoys, k. A. Cxorr Kenco, 'epman
XakeHn, Bamprep Tuppumar, Crioapt A.Kaydpman), MHOTOYHCICHHBIC
JVICKYCCHH IO TIOBO-
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Jy BBICKA3aHHBIX B KHMIe HJIeH ¥ MHOTOUYUCIICHHBIE IEepeU3IaHus
HMIPEJMHT€POBCKOT0 MIEJEeBpa 3a pyOex oM (IepBoe W3JaHWE BHIIUIO B
Kem6pumxe B 1944 1.).

Pycckuit mnepeBon kuHuru IpenuwHrepa Bblllel B H31aTENbCTBE
«HOCTpanHas muteparypa» B 1947 1., a B 1972 1. «ATOMH3OaT»
MPEATIPUHSIT BTOPOE U3JaHUE.

B mnpeanmaraeMoM YHTATENI0 TPETHEM W3AAHHM BOCCTAHOBJIEHBI BCE
KyMIOPBI, CAENAaHHbIE MO TEM MIM WHBIM COOOPaKEHHAM B IPEIbIIYILINX
HU3JaHUAX, HWCHPaBJICHbI 3aMCYCHHBLIC OIJ_II/I6KI/I U HCTOYHOCTH MU 3aHOBO
nepeseneH (FO.A./lanunoBeiM) «3OOWIOrY, OMYIIEHHBIH B IEPBBIX JIBYX
HU3JaHUuAX. Takum o6pa30M, YUTaTCJIb BICPBBIC ITOJIYYa€T BO3MOXKHOCTH
O3HAKOMUTBCA C TIOJNHBIM TEKCTOM MAaJIeHbKOrO IIefeBpa OpBHHA
Ipeaunrepa.

0. A. lanunos 20.06.98, MockBa
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IpeauciaoBue

Homo liber nulla de re minus quam de morte cogitat; et ejus sapientia non
mortis sed vitae meditatio est.

Spinoza. Ethica, P. IV, Prop. 67.!

[IpuHATO CYUTATH, YTO YUEHBIN JOKEH M3 MEPBHIX PYK B COBCPIICHCTBE
3HATH ONPENEICHHYI0 00JIaCTh HAYKH, U ITO3TOMY €My HE CIICAYeT IMUCATh 110
TaKAM BONpOCaM, B KOTOPBIX OH HE SBISACTCS 3HATOKOM. OTO
paccMarpuBaeTcs Kak noblesse oblz‘gez. OHAKO IJis TOCTHKEHHUS MOEH LIeNn
s X04y OTKa3aThCs OT noblesse, 1 TMOATOMY TIPOIIy OCBOOOAWTH MEHS OT
BBITEKAIONINX OTCIO/Ia 00sM3aTeNbCTB. Moe OTCTYIUIEHHE OT ATOTO IMpaBHia
OOBSICHAETCS CIETYIOLIUM.

Mgl yHaClIeOBAJIM OT HAIIUX MPEIKOB OCTPOE CTPEMIICHHE K IEIbHOMY,
BC@O6T)GMHIOH.[CMy 3HAHUIO. CaMO Ha3BAaHUC BBICHINX I/IHCTI/ITyTOB IIO3HAHU
— YHUBEPCUTETHI — HAIMOMHUHACT HaM, YTO C JIABHUX IOP U HA MPOTSHKCHUU
MHOTHX CTOJETHH YHUBEPCANBHBIA XapaKTep 3HAHUN — EIUHCTBEHHOE, K
yeMy MOXeT OBITh TONHOEe noBepue. Ho pacmmupenwe u yriyOicHue
pa3zHO00Opa3HBIX OTpaciel 3HaHUs B TeueHue mociequanx 100 ¢ mumHuM et
MOCTaBWJIO Hac MepeA CcTpaHHOM guieMMoil. C OOHOW CTOPOHBI, MBI
YyBCTBYEM, HUTO TOJBKO TEMEeph HAaYMHACM NPUOOpPETaTh HAICKHBIN
MaTepuaig s TOTO, YTOOBI CBECTH B €AMHOE IEJIoE BCE OO0 CHX IOp
W3BECTHOE, a C JAPYrOd CTOPOHBI, CTAHOBUTCA ITOYTH HEBO3MOXXHBIM LIS
OIHOTO yMa TIOJMHOCTBIO OBIAAETh Oolee dYeM OXHOH HeOOIbIION
CIIELMAJIBHOM YaCThIO HAyKH.

S1 He BWXKY BBIXO/Ia M3 JITOTO TMOJIOKEHUS (YTOOBI TMPH ITOM HaIa
OCHOBHas 1Ie7Tb HE OKa3allaCh MOTEPSHHOW HaBCET/a), €CIU TOJbKO KOe-KTO
W3 HAC HE PUCKHET B3ATHCS 3a CHHTE3 ()aKTOB M TCOPHIA, XOTS HAIlIe 3HAHKE B
HEKOTOPBIX 00JACTAX HEMOJHO U MOJIYYEHO M3 BTOPHIX PYK, U MBI MOXKEM
MIOJTBEPTHYThCS OTTACHOCTH MTOKA3aThCsl HEBEKTaMHU.

"'Yenosex CcBO6OAHbIV HM O YEM TaK Masio He AyMaeT, Kak O CMepTh, U ero

MyApOCTb COCTOMUT B Pa3MbIU/IEHUN HE O CMepTU, a O XMU3HU. CrmHOo3a.
Jtuka, u. IV, Teop. 67.

2
«bnaropoacteso 06s3biBaeT» (¢paHu.). B AaHHOM cny4yae o3Ha4vaeT, 4To
3BaHWe y4yeHOro 06s3blBaeT He HapyllaTb B3STbIX Ha ceba 06s3aTenbcTB —
CyAWUTb KaK HacTosiWeMy y4YeHOMYy NiMWb C MOJSIHbIM 3HaHWeM aena. — [1pum.
nepes.
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[TycTb 3TO MOCITYKUT MHE U3BUHEHHEM.

Henp3st oTOpackiBaTh B CTOPOHY M TPYIAHOCTH C SI3IKOM. POIHON s3BIK
Ka)XJOr0 SBISIETCST Kak OBl XOpOIIO TNPHUTHAHHOW ONEXIOW, W HENb3s
YyBCTBOBATh ce0s BIOJHE CBOOOJHO, KOTZA HE Cpa3y MOXKEUIh Mmoxo0paTh
HY’KHOE CJIOBO M €r0 MPUXOIUTHCS 3aMEHSTh ApyruM. S odeHb OmaromapeH
n-py MHakcrepy (Tpunutu-komnemx, JyOmmu), n-py Ilampaiir Bpaymny
(xommemx cB. Ilarpuka, MditHYT) U, HaKOHeI] (HO HE MEHBIIIE, YeM JIPYTUM),
mucrepy C.K. Pobeprcy. Im moctaBmimo MHOTO 3a00T MOAOTHATH HA MEHS
HOBO€ OJIESIHUE, W OTO YCYTyOJISUIOCH ellle TeM, YTO IIOpOi sI He XOTell
OTKa3aThCsl OT CBOET0 HECKOJBbKO «OPUTHHAIBHOTO» cTHis. Eciu uro-mbo
OT HEr0 COXPaHWJIOCh, HECMOTPS Ha CTPEMIICHUE MOMX APY3€i CMATYUTh MOM
CTHJIb, TO TO JJOJDKHO OBITH OTHECEHO HA MOW, a HE Ha X CYeT.

2. 11
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I. Iloaxoa kiaaccuyeckoro pusmuka K
npeaMery

Cogito, ergo sum
Decartes

1. O0muid XapaxkTep M e UCCJIeT0BAHUS

Ora HeOonplIass KHWTa BO3HMKIA W3 Kypca IyOJMYHBIX JIEKIWH,
MPOYUTAHHBIX (DPU3UKOM-TEOPETUKOM II€pes] ayJUTOpPHEH HACUMTHIBAIOIIEH
okon0 400 uenoBek. AyauTOpus MOYTH HE yMEHBIAJach, XOTS C CaMOTO
HaydaJa CIyIIaTesn ObUIA MPEeayNPEXISHbI, YTO MPEIMET H3JI0KECHUS TPYACH
W YTO JIEKIOUHM HE MOTYT CUUTATHCS MOIYJISPHBIMU, HECMOTPS HA TO, 4YTO
HaunboJee cTpamrHoe opyane pusnka — MaTeMaTniecKast JeTyKIus — 37ech
Bpsa M OyneT HCHoib30BaThCs. VM He MOTOMy, YTO HpEIMET HACTOJIBKO
mpocT, 4dYToOBI €ro MOXHO ObUI0O OOBSCHHTH 0€3 MpHBICYCHUSL
MaTEMaTHYECKOTO almapara, a, CKopee, IOTOMY, YTO OH CIIMIIKOM 3aIllyTaH U
HE BIIOJHE JOCTYNEH MJI1 MaTeMaTU4ecKoW uHTepnperauuu. [pyroi
0COOEHHOCTBIO JIEKLIUH, NpUAAome MM 10 KpalHedl Mepe BHEIIHUIMA
NOMYJIAPU3aTOPCKUN  XapakTep, OBUI0O HaMepeHHe JIKTOpa  CHAeNaTh
OCHOBHYIO HJICI0, CBSI3aHHYIO M C OHMOJIOTHCH W C (PU3UKOU, SICHOW KaK JIIs
(hM3MKOB, TaK ¥ JJIs1 OHOJIOTOB.

JleWicTBUTENTbHO, HECMOTpSl Ha pa3HOOOpasue TeM, PacCMOTPEHHBIX B
KHHTE, B LIEJIOM OHA JOJKHA MEPEeAaTh TOJIBKO OAHY MBICIB, TOJIBKO OIHO
HeOOIbIIOE TOSCHEHHE K OONBIIOMY M BaXXHOMY Bompocy. YUToObl He
YKJIIOHUTBCS B CTOPOHY, OyIeT IOJIe3HO 3apaHee KPaTKO HW3JIOKUTH Hail
3aMbicen. boipmiol, BakKHBIA W OYEHb YACTO OOCYXHaeMBIii BOIPOC
3aKIIFOYAETCs] B CICHYIOMIEM: KakK ()M3MKAa W XMMHS CMOTYT OOBSICHUTH TE
SABIICHUS 8 npocmpancmee U epemeHi, KOTOpble MIPOUCXOIAT BHYTPH KUBOTO
opranuzMa? IIpenBapuTeNbHBI OTBET, KOTOPBIM IOCTapaeTrcs MAaTh 3Ta
HeOoJblIass KHHUIa, MOKHO C(hOpPMYJIHpPOBaTh TaK: SIBHAs HECIIOCOOHOCTH
COBpPEMEHHOU (M3MKH U XUMHU OOBSCHHUTH TAKUE SBJICHUS COBEPILEHHO HE
JlaeT OCHOBaHUI COMHEBATHCS B TOM, YTO OHH MOTYT OBITH OOBSICHEHBI STHMHU
HayKaMU.

! Mbic/to, 3HaYUT cylwecTeyto. — Jekapr.

[peaunrep 2. Uto takoe xu3Hb? Ousnueckuil aCeKT )KUBON KIETKU. —
Mocksa-Uxesck: HULL «PerynspHas u xaoTuueckast tuHaMukay, 2002. 92 c.
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2. CratucTnyeckas ¢pusnka. OCHOBHOe pa3jinyue B
CTPYKTYype

[pensinymee 3amMedanue ObUT0 OBl BECEMa TPUBHAIBHBIM, €CITH OBl OHO
UMEJIO LEJBI0 TOJNBKO CTHMYJIHMPOBATh HAAEXKIy NOCTUTHYTH B OymylieM
TOTO, 4YTO HE OBUIO JOCTHTHYTO B mpouuioM. OHO, OZHAKO, UMEET ropaszio
Oosiee MOJIOKUTENBHBIH CMBICH, T.€. HECIIOCOOHOCTh (M3MKH M XMMHHU 1O
HaCTOAIIEr0 BpEMCHHU JaTh OTBET IMMOJTHOCTBHIO 06’bﬂCHI/IMa.

bnaropaps ymenoit pabore 6HOJIOrOB, TJIaBHBIM 00pa30M I'e€HETHKOB, 3a
nocaensue 30-40 jer cTano JOCTAaTOYHO MHOTO M3BECTHO O JEHCTBUTEIBHOIM
MaTepualbHOM  CTPYKTYpe  OpraHM3MOB, YTOOBI ~ IOHSTH, IOYEMY
COBpeMeHHbIE (u3nka H XUMHI HE MOITM OOBSCHHUTH SIBIICHUS,
MPOMCXOJISIIIE B TIPOCTPAHCTBE ¥ BPEMEHU BHYTPH KMBOTO OPTaHU3MA.

Pacmionoxenue u B3aMMOJEHCTBHE aTOMOB B HamOojee Ba)KHBIX YacTsX
JKMBOTO OPraHM3Ma KOPEHHBIM 00pa30M OTIMYAIOTCS OT TOT'O PACIIOJIOKEHUS
aTOMOB, C KOTOPHIMU (DU3UKH M XUMHKH HMEIH 10 CHX IOp €TI0 B CBOMX
SKCIEPUMEHTANIBHBIX W TEOPETHYECKUX HccienoBaHmsX. OgHako 3To
OTJIMYHE, KOTOPOE s TOJIBKO YTO HAa3BaJ KOPEHHBIM, JIETKO MOXKET ITOKa3aThCs
HUYTOXXHBIM BCSKOMY, KpoMe (HM3HKa, TIyOOKO yOEKIEHHOr0 B TOM, YTO
3aKOHbI (I)I/I3I/IKI/I U XUMHHU ABJIIIKOTCA 3aKOHaAMU CTaTI/ICTI/I‘-IeCKI/IMI/IZ. Nmenno
CO CTaTHCTHYECKOM TOYKH 3PEHUS CTPYKTypa BaKHEUIIMX YacTed >KUBOTO
OpraHM3Ma IOJHOCTBIO OTIIMYACTCS OT CTPYKTYpPHI JIIOOOTO BEIIECTBa, C
KOTOPBIM MBI, GU3UKHA W XMMHUKH, UMEIH JI0 CUX IOp JAENO MPAKTUYECKH B
HaIUX JIAOOpaTOpHAX W TEOPETUUECKH 33 MHCHMEHHBIM cronom’. Koneuro,
TPYZHO TPENCTaBUTh, YTOOBI 3aKOHBI M MpPABWJIA, HAMU OTKPBITHIE, OBLIH
HENOCPCACTBECHHO MNPHUIOKHUMBI K MNOBCACHHUIO CHUCTEM, HEC HMCIOMIUX TEX
CTPYKTYp, Ha KOTOPBIX OCHOBAHEI 3TH 3aKOHEI U IIpaBHUIIA.

Henp3st oxupmarb, 4yToObl HE(DU3UK MOT MOHSITH (HE TOBOpS yKe —
OLICHHTH) BCE Pa3INYMe B CTATUCTUYECKON CTPYKTYpe, chopMynHpoBaHHOE B
TEpMHHAX CTONb a0CTPAKTHBIX, KaK TOJBKO YTO crenan 3To s. UToObl aath
MOEMY YTBEPXKICHHIO XHM3Hb W KPacKu, pa3pelinTe MHE NpeIBapUTEIbHO
o0paTWTh BHMMaHHWE HAa TO, 4TO OyIeT HeTalbHO OOBSCHEHO MO3HEE.
Haubornee cymecTBeHHYIO 4acTh KUBOH KJIETKH — XPOMOCOMHYIO HHTh —
MOJKHO C TIOJTHBIM OCHOBAaHHMEM Ha3BaTh anepuooudeckum Kpucmaiiom. B
¢usuKe MBI IO CHX TOp HUMEIH [0 TOJNBKO C NepuooudecKumu
KpUCMAIamu.

2 270 YTBEPXAEHNE MOXET MNOoKa3daTbCA HECKOJ/IbKO 06LLI,I/1M. OGCY)KD,EHVIG
OOKHO 6bITb OT/IOXEHO A0 KOHLA 3TOM KHUMM (CM. §§ 68 1 69).

? 31a Touka 3peHns Bbina NOAYEPKHYTa B AByX Haubonee BAOXHOBEHHbIX
pabotax ®. I'. loHHaHa.

[peaunrep 2. Uto takoe xu3Hb? Ousnueckuil aCeKT )KUBON KIETKU. —
Mocksa-Uxesck: HULL «PerynspHas u xaoTuueckast tuHaMukay, 2002. 92 c.
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st pusnka neproIuueckue KpUCTaILIbI SBISIFOTCS BECbMa HHTEPECHBIMHU
U CIOXKHBIMH OOBEKTaMH; OHHM COCTaBIIIOT OJHY M3 HamOoiee
04apoBaTEIbHBIX M CHOXHBIX CTPYKTYp, KOTOPBIMH HEOIYIIECBICHHAS
NpUpoJa MPUBOJUT B 3aMEMIATENbCTBO HHTEIUIEKT (u3uka. OgHAKo 1o
CPaBHEHHIO C alepHOAMYECKHMMHU KPHUCTAJUIAMU OHHM KaXXyTCSl HECKOJIBKO
SJIEMEHTAPHBIMHU M CKYYHBIMH. Pasznnuue B CTPYKType 31€Ch TAaKOe K€, KaK
MEXIy OOBIYHBIMH 000SMH, Ha KOTOPBIX OOWH U TOT M€ PHCYHOK
MOBTOPSIETCA C NPAaBUIBHOM IEPUOJUYHOCTBIO, W MLIEIEBPOM BBIIIUBKHY,
CKakeM, pagad’IeBCKUM To0eleHOM, KOTOpBI IOBTOPSIET  CJIOXKHBIH,
[IOCJICZ0OBATEIIbHBIA U IIOJHBIM 3aMbIC/Ia PUCYHOK, HAYEPTAHHBIM BEIMKUM
MacTepoM.

HaspIBasi mepuoaMvecKkuii KpHCTaUl OJHAM M3 HauOoiee CIIOKHBIX
00BEKTOB UCCIIEA0BaHUS, 1 UMEN B BUAY cOOCTBEHHO (uznka. OpraHuueckas
XMMHUS B U3y4eHUH Bce Oosiee 1 0oJIee CII0KHBIX MOJIEKYJI MOOILIA Topa3ao
OmKe K TOMY «alepHOIUYecKOMY KpPHCTaJUTy», KOTOPBIM, HA MOW B3IJIA,
SBIISIETCA MaTEpUAIBHBIM HOCHUTENEM KHU3HU. [109TOMYy HE yOUBHUTENBHO, YTO
XMMHUK-OPTaHUK YXKe caenan OOJbIION M BaXKHBIM BKJIAl B pEIICHHE
poOJIEMBI JKH3HH, B TO BpeMs Kak (pU3MK HE BHEC TTOUYTH Hiero”.

3. IToaxox k mpeaMeTy y HaMBHOTO Gpu3NKa

ITocme Toro, Kak s KpaTKO M3JIOKHMI OOIIyI0 HACIO WM, BEpHEE,
OCHOBHYIO II€JIb HAIeTO HCCIIEeIOBaHMs, IO3BOJFTE MHE OMNHCATh CaMyro
JVHUIO aTaky. Sl HaMepeBaloCch CHadalla pa3BUTh TO, YTO BBl MOYKETE HA3BaTh
«TpenCTaBIeHUSAMHA HAWMBHOTO (¢HU3MKa 00 opraamsmax». OITO Te
MPECTABIIEHNUS, KOTOPBIE MOTYT BO3HUKHYTh Y (DM3UKA, KOTIA, U3yIHB CBOIO
(U3UKY U, B YaCTHOCTH, €€ CTATUCTUYECKHE OCHOBBI, OH HAYHET Pa3MbIIUIATH
00 opraHmsmax, 00 ux HNOBCACHUU W XHU3HCACATCIBHOCTH M YCCTHO 3aJacT
cebe BOMpPOC, — CMOXKET JIM OH UCXOJSl U3 CBOWX 3HAHMM, C MO3UIIMH CBOEH
CPaBHHUTENILHO MPOCTOH, SICHOH M CKPOMHOW HayKH, CHeNaTh CKOJb-HHOYAb
TIOJIE3HBIN BKJIAJ B ITAHHYIO TIPOOIIEMY.

BersicHutcst, uto OH 3TO crenarb MoxkeT. CIeayroIuM IIaroM JOJDKHO
OBITH CpaBHEHHE TEOPETHUYECKHX OXHIAHUH (HU3MKa C OHOIOTHYECKUMH
(axTamu. TyT 0OHApYKHUTCS, YTO XOTSI B LIEJIOM €TO0 MPEACTABICHUS KaKyTCs
BITOJIHE PAa3yMHBIMH, X T€M HE MEHEee HaJ0 3HAYMTEIHFHO YTOYHUTH. JTHM
IIyTEM MBI IOCTETIEHHO MPUOIM3UMCSI K IPAaBUIIBHON TOUKE 3pEHHS

“3a roabl, NpolweawMe CO BpeMeHN HANUCaHWA KHUTM, GU3NKKA BHECHM
6onbLION BKNaj B M3yYeHUe MaTepuasibHbIX HOcUTeNel XWU3HU. [locTaTouHo

BCMOMHUTb, YTO CTPyKTypa Monekynbl AHK 6bina pacwundposaHa dusmkamm
Ha OCHOBE PEHTreHOCTPYKTYpPHOro aHanusa. — [IpumM. repes.

[peaunrep 2. Uto takoe xu3Hb? Ousnueckuil aCeKT )KUBON KIETKU. —
Mocksa-Uxesck: HULL «PerynspHas u xaoTuueckast tuHaMukay, 2002. 92 c.
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WIN, TOBOpPSI CKPOMHEE, K TOH TOYKE 3pEHHS, KOTOPYIO 51 CUHTAIO
MPaBUIBbHOI.

Jaxe eciu s ¥ paB, TO HE 3HAIO, SBJISETCS JIM MOU MyTh NEHCTBUTEILHO
Ty4qmuM U npoctedmmM. Ho 310 6611 MO# coOCTBeHHBIN MyTh. «HanBHBIMA
(u3uk» — 3TO 5 caM. U g He BIDKY JydInero u 6oiee sICHOTO crocoba st
JOCTIDKEHUS LIeJIH, YeM MOl COOCTBEHHBIH, XOTS OBITh MOXET M U3BHJIUCTHIN
MyTb.

4. Ilouemy aTOMBI TaK MAJIbI?

Xopommuit cmocod pa3BUTh TPEACTABICHUS HAWBHOTO (PH3MKA — 3TO
3a/1aTh €My CHauaja CTpaHHBIN, MOYTH HeNemnblil Bonpoc. [loyemMy aTombl Tak
Manbsl? A OHH BeOb AEUCTBUTEIBLHO OYEHL Maibl. Kakaplii MaleHLKHI
KyCOYEK BEIECTBA, K KOTOPOMY MBI €XEJHEBHO IPHKACAEMCS, COICPIKUAT
OTPOMHOE WX KONMMYECTBO. [IpeioskeHo MHOTO TPHUMEpPOB, YTOOBI TOBECTH
3TOT (aKT 0 CO3HAHUS MUPOKON MyOIUKH M CAMBIM BBIPA3UTEIBHBIM U3 HIX
01 mpumep, npuBeneHHBIH JopaoMm KenbsBuHow. IIpencraBpre, 9TO BEI
CMOTJIM IIOMETUTh BCE MOJIEKYJIBI B CTaKaHE BOJBI, a IIOCJE 3TOrO BBUIMIU
COJIEP)KUMOE CTaKaHa B OKE€aH M TIIATENIbHO NepeMelialid, YTOObl MeueHbIe
MOJIEKYJIbl PAaBHOMEPHO pacIpeAesIuiuch Mo BceM MopsM mupa. Ecnu Bbl
3aTeM 3aueprHeTe CTaKaH BOIBI HAyraj, B JIIOOOM MecTe OKeaHa, TO
oOHapyxuTe B HeM 0k0J10 100 mOMeUeHHBIX BaMH MOJ'IeKyJ'IS.

JleficTBUTENbHBIE pa3MephI atomoB’ neskar MIPHOIM3UTEIIEHO MEXKIY
1/5000 n 1/2000 mnuHBI BONHBI cBeTa. JTO CpaBHEHHE HMeEEeT 0coboe
3HAYCHUE, TaK KaK JTMHA BOJHBI MPUOIU3UTEIBLHO COOTBETCTBYET BEINYMHE
CaMOM MAaJICHbKOM 4YacTULbl, KOTOPYIO €IIE MOXKHO pa3jINyuuTh IIOJ
MHUKpOCKOTOM. TakuM 00pa3oM, MBI BHIUM, YTO TaKas YacCTHILA COACPIKUT
€llIE THICIYM MUJUIMOHOB aTOMOB.

Urak, mouemy aToMbl TaK MaJibl?

SIcHO, 9TO 3TOT BOMPOC ABJIAETCS OOXOIHBIM, TaK KAk, 3a/1aBasl ero,

> KoHeuHo, Bbl He HanaeTe ToyHOo 100 monekyn (maxe ecnu 6bl 3TO 6biN
nAeanbHO TOYHbIA pe3ynbTaT BbluncieHus). Bbl obHapyxuTe 88 unun 95, unm
107, van 112, HO NMpaKTUYECKM HEBEPOSTHO, YTO6bI Bbl Hawnm 50 nan 150
MoJieKysl. BO3MOXHOE OTK/IOHEHME, Unun dhAyKTyaumus, 6yaeT nopsaka KopHs
kBagpaTHoro n3 100, T. e. 10. CTaTUCTUUYECKM ITO BblpaxatoT, roBops, 4TO
Bbl Havgete 10010 mMonekyn. DTUM 3aMeyaHMEM B AaHHbIAi MOMEHT MOXHO
npeHebpeyb, HO Mbl K HEMY BEpPHEMCS KaK K MpUMepy CTaTUCTMYecKoro Vi
3aKoHa.

o CornacHo COBpPEMEHHOW TO4YKe 3peHMsI aTOM He WUMeeT OT4YeT/IMBbIX
rpaHul, Tak u4TO <«pa3Mep» aToMa He $BASETCA [AOCTAaTOYHO TOYHbIM
NMOHSITUEM. Mbl MOXEM 3aMEHUTb €ro PacCTOSHUSIMU MeXAy LEeHTpaMn aToMOB
B TBEPAbIX WU XUAKUX Tenax, HO, KOHeYHO, He B rasoobpasHbix, rae 3Tu

paccTosiHMA NPW HOPManbHbIX AaBfieHUM U TemnepaTtype, rpy6o rosops, B 10
pas 6onble.

[peaunrep 2. Uto takoe xu3Hb? Ousnueckuil aCeKT )KUBON KIETKU. —
Mocksa-Uxesck: HULL «PerynspHas u xaoTuueckast tuHaMukay, 2002. 92 c.
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MBI HEBOJIHO COIOCTABIISIEM pa3Mephl aTOMOB C pa3MepaMiu Pa3IMYHBIX
OPTaHM3MOB, B YaCTHOCTH, HaIllero coOCTBEHHOTro Teia. B camom nerne, atom
MaJl, KOT/la OH CpaBHUBACTCSI C HCIIOIb3YeMOHl B ITOBCEIHEBHOM >KHU3HH
MEpO# INIMHBI, CKaXeM, C SPIOM WIM MeTpoM. B artomHO#W (¢u3nke 3a
€IUHMLY JUIMHBI NPHUHAT TaK Ha3bIBAEMBIM aHICTpEM (A), PaBHBIi 10"
MeTpa (m) wiu B aecstuuHor 3amucu 0,0000000001 . Jlnmamerp atomoB
JeXUT Mexay 1 u 2 A. Exunnusr xe JUIMHBI, 110 CPABHEHHUIO C KOTOPBIMHU
aTOMBI TaK MaJIbl, IPSIMO CBSI3aHbI C pa3MepaMH Halllero Teja.

BeiTyer nerenza, KOTopas MPUIKMCHIBACT MPOMCXOXKICHUE sIp/ia YYBCTBY
IOMOpa OJTHOTO aHTIMHCKOTro Kopouisi. Korja coOBETHHKH CIIPOCHIIM €T0, YTO
MIPUHATE 332 €AWHUIY JUIMHBI, TO OH BBITSHYJ PYKy B CTOPOHY M CKasal:
«Bo3pmHuTE paccTosiHNE OT CEpeIHBI MOSH I'PYAN 10 KOHYHKOB IANBIEB, 3TO
u OyZer To, 4TO Hajo». bpulo Tak mnm HET, HO 3TOT paccKa3 MMeEET MPsIMOe
OTHOIIIEHHE K HaIlleMy BOMpPOCYy. ECTeCTBEHHO, YTO KOpOJb XOTEN yKa3aTh
JUIMHY, CPAaBHUMYIO C JUIMHOW €ro Tena, TaK Kak OH 3Hal, YTO MHa4e Mepa
Oyner oueHb HeynoOHOW. [Ipu BceM CBOEM NPUCTPACTHM K aHICTpeMam
(hU3MK BCe-TaKu MPEAIOYTET, YTOO eMy CKa3ajM, YTO Ha €ro HOBBIM KOCTIOM
notpedyercs 6,5 sipaa TBUA, a He 65 THICSY MUJUTHOHOB aHT CTPEMOB.

TaxuMm 00pa3oMm, B 1€HCTBUTEILHOCTH HAIIl BOIIPOC KacaeTcs HE OJJHOTO, a
JIBYX pa3MepoB — Hamlero Tejla W aroMa. [IpuHUMas BO BHHMaHHE
HECOMHEHHBI TNPHOPHUTET HE3aBUCHMOTO CYIIECTBOBAHUS aTOMa, BOIPOC
MIPO3BYYHT TaK: IOYEMy HaIle TENO MODKHO OBITh TaKUM OOJBIIMM MO
CPaBHEHHIO C aTOMOM?

MHorue, cTpacTHO M3ydaromue (GHU3UKY WIN XUMHUIO, HE pa3 Kalleld O
TOM, YTO BCE€ HAIIM OPraHbl UYYBCTB, COCTaBJIIOIINE Ooyiee WM MEHEe
CYIIECTBEHHYI0 YacThb Hallero Tena W (IpUHUMas BO BHHMAaHHE
3HAYUTECJIbHBIC pa3MEpbl IPUBEACHHOT'O OTHOI_[IeHI/ISI) CaMH COCTABJICHHBIC U3
0ECUHCIICHHOIO KOJIMYECTBA AaTOMOB, OKa3bIBAIOTCS CIHWIIKOM TPyOBbIMHU,
YTOOBI BOCIIpMHUMATL yAapbl OTACJIBHOI'O aToMa. Mpg1 HE MOKEM HH BUICTD,
HHU CIBIIATh, HU YyBCTBOBaTh OTAENBHBIX aToMOB. Hamm rumoressr 06
aTOMax JTAJIEKO OTCTOST OT HEIIOCPEJICTBEHHOTO BOCIIPHSATHS HAIIMX OPTraHOB
YYBCTB, ¥ 9TU THUIIOTE3bI HEJI3sI TPOBEPHUTH ITPSIMBIM HAOJIOICHUEM.

O0s3aTenbHO M NODKHO OBITh MMEHHO Tak? VIMEIOTCSl M OCHOBAHUS
Ut 3T0oro? MOXKHO JI OOBSICHUTH 3TO TOJIOKEHHE KAaKUM-TO MPUHIUIIOM,
YTOOBI YOEOWTBCS B TOM, YTO HHYTO APYroe HECOBMECTUMO C 3aKOHAMHU
IpUPOABI? DTO yKe ABISAETCS TaKOH MpoOsieMOol, KOTOpYIo GH3HK criocobeH
BBIICHUTH ITOJTHOCTBIO M Ha BCE BOIIPOCHI MOIYyYUTh YTBEPANTEIBHBIN OTBET.

[peaunrep 2. Uto takoe xu3Hb? Ousnueckuil aCeKT )KUBON KIETKU. —
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5. Pabora opranusma Tpedyer CO0JI0IeHHSI TOUYHBIX
(pu3yecKnx 3aKOHOB

Ecmu Ob1 memo o6cToso He Tak, eciid OBl YeOBEUECKU OpraHu3M ObLI
CTOJb YyBCTBHUTENICH, YTO OTACIBHBIA aTOM FJIM Ja)XX€ HECKOIBKO aTOMOB
Morny OBl OKa3aTh 3aMETHOE BO3JEICTBHE HA HAIIM OpraHbl YyBCTB, — O,
He0O, Ha 4TO ObUTa OBl MOXO)Ka Hama Xu3Hb! TakoW opraHu3M ObLT ObI
HaBEPHSAKA HECIOCOOCH Pa3BHUTh YIOPSIOUCHHYIO MBICIb, KOTOpAsi, MPOMIsI
CKBO3b JUIMHHBIN psii OoJiee paHHUX CTaJHii, HAKOHEll, TPou3Bea Obl cpeau
MHOTHUX JIDYTUX UJIEH U caMy U0 00 aToMe.

XoTst MBI BEIOMpaeM B Ka4eCTBE WILTFOCTPAIIUU JIMITh OJUH ITOT IpUMED,
OJTHAKO BCE IOCIEAYIOMAE COOOpPaKEHHS TAaKXKE BIIOJIHE MPUMCEHHMBI M K
(hYHKIIMOHMPOBAHUIO JPYTUX OPraHOB (a HE TOJBKO MO3ra M OpraHoB
yyBcTB). TeM He MeHee MMeeTcs OOHO M TOJNBKO OJHO, TPEICTaBISIONICE
0coOBIf WHTEpeC I HAaC B HAC CaMUX, — O3TO TO, YTO MBI MOXXEM
YyBCTBOBATh, [yMaTh M TIOHUMATh.

B  orTHomeHmm Tex  (U3MONOTHMYECKHMX  MPOIECCOB,  KOTOPEIC
OTBETCTBCHHBI 3a HAIIM MBICIHM W YyBCTBAa, BCE JAPYTHE IPOIECCH B
OpraHu3Me€ WrparoT BCIOMOTraTejIbHYI0 poOjib, IO KpaiHel wmepe c
YEIIOBCUCCKOW TOYKH 3pCHHS, €CIH HE C TOYKHA 3PEHUS OOBEKTUBHOU
6uonorun. bonee Toro, Hama 3amaya Oyjer Ype3BbIYaiHO OOJIErdeHa, eciiu
MBI BBIOEpEM JUTS UCCIICIOBAHUS TaKOW MPOIECC, KOTOPHIA COMPOBOXKIACTCS
CyOBEKTUBHBIMU COOBITHSIMH, XOTSI MBI M HE 3HAEM UCTUHHOMN MPUPOJIBI ITOTO
nmapaienusMa. JIeWCTBUTENbHO, HA MOH B3MJIAN, MPHPOJA ITOTO
TapajuieNii3Ma JISKHUT B CTOPOHE OT OOJNIACTH €CTECTBEHHBIX HAayK W, BEChbMa
BO3MOJKHO, 32 TIPeIeIaMHt YeIOBEUECKOT0 TOHUMAaHUS.

Takum 00pa3oM, BO3HUKAIOT CIEAYIOIINE BOIPOCH. [loueMy Hamr MO3T u
CBsI3aHHAsI C HAM CHCTEMa OPTaHOB YYBCTB JOJDKHBI 00S3aTENBHO COCTOSTH
W3 TaKkoro HEOOBSATHO  OONBIIOTO  KOJIMYECTBA  aTOMOB,  YTOOBI
(hU3MOTOTHYECKH HM3MEHYUBBIE COCTOSHUS MO3ra MOTJIM HaXOIWUThCA B
TECHOM M OJIN3KOM COOTBETCTBHH C BeChbMa pa3BUTOW MbICibIO? [lo Kakum
IpyuynuHaM 9TO COOTBETCTBUE HECOBMECTHUMO C TaKuM TOHKUM u
YYBCTBUTCJILHBIM CTPOCHUEM BCECro MEXaHU3Ma (I/IJ'[I/I XOTs 6])1 €ro
nepuepuIecKuX YacTeil), KOTOpoe MO3BOIWIO OBl MPH B3aUMOJICHCTBUH C
OKpYXKAaIOIIeW Cpeloi PErucTpUpOBaTh BO3JICHCTBHE EIMHUYHOTO aToMa
W3BHE M PEarrupoBaTh Ha HETO.

To, dYro MBI Ha3bBIBaeM MEBICTBIO, caMO 1O cebe ecTh HedTo
YHOPSIIOYCHHOE M TPWIIOKAMO TOJNBKO K aHAJIOTHIHOMY MaTepHaiy, TO eCTh
K TIO3HAHUIO WJIHM OIBITY, KOTOPHIE TOXXE€ WMEIOT OIPENEeNIeHHYIO CTEIeHb
YHOPSIIOYSHHOC-
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ti. OTCloJ]a BBITEKAIOT JBa cieacTBus: 1) dusmueckas opraHuzaiys,
YTOOBI OBITH B TECHOM COOTBETCTBHHU C MBICIBIO (KaK, HalIpUMep, MOH MO3T ¢
MOEH MBICNIBIO), [JIOJDKHa OBITh OYEHb XOPOWIO  YIOPSAOYCHHOU
OpraHM3alyell, a 3TO 3HAYUT, YTO COOBITHS, NPOUCXOASIINE B MO3TY,
JOJDKHBI TIOMUYHMHSATHCS CTPOTUM (M3MYECKUM 3aKOHaM, MO KpaiWHeH Mepe c
OYCHb OOJIBIIOW CTEMEHBIO TOYHOCTH; 2) (HU3WYECKHE BICUYATICHHS,
MPOU3BEACHHBIE HA 3Ty (U3MYECKYO, XOPOLIO OPraHM30BaHHYI CHCTEMY
TEJlaMH W3BHE, COOTBETCTBYIOT IIO3HAHHMIO M OIBITY COOTBETCTBYOLIMX
MBbICIIEH, 00pa3ys HMX Marepual, Kak s Ha3Ban ero. ClienoBarenbHO,
(u3nueckre B3aUMO/ICHCTBISI MEXK/y HAIlleH CUCTEMOM M IPYTUMH JIOJDKHBI,
KaKk [paBWio, caMu oO0JlalaTb W3BECTHOW CTENEeHbI0  (U3MUECKOM
YIOPSIIOUYCHHOCTH, UM, HHAaYe TOBOPS, OHU JOJIKHBI TOAYMHATLCS CTPOTUM
(u3MUECKUM 3aKOHAM C OIPEAEIEHHOM CTENeHbI0 TOUHOCTH.

6. Pusnueckue 3aKOHLI OCHOBAHBLI HA ATOMHOM
CTATUCTUKE A II03TOMY TOJbKO le/lﬁﬂl/lfiI/ITe.Hbel

IToyemy e Bce, M3JI0)KEHHOE BBINIE, HE MOXET OBITH BBHINOJIHEHO B
cilyyae, €CIM OpPraHW3M COCTOMT TOJIBKO M3 CPaBHUTEIBHO HEOOJBIIOTO
YyHpcila aTOMOB M YyBCTBUTENEH K BO3JCHCTBUSAM OJHOIO WJIM HEMHOTHMX
atoMoB? IloTOMy 4YTO MBI 3HaeM: BCE€ aTOMBI HAaXOJSITCA B HENPEPHIBHOM
Xa0THYECKOM TEIUIOBOM JBIDKEHHH, KOTOPOE, TaK cKa3aTh, IPOTUBOCTOUT UX
YIIOPSI0YCHHOMY TIOBE/ICHHIO M HE MO3BOJISIET OTHECTH K KaKOMy OBl TO HHU
OBUTO pacro3HaBaEMOMY 3aKOHY COOBITHS, MPOHMCXOMSIINE MEXIY MajbIM
YUCJIOM aTOMOB. TONBKO NIpU HAJTMYUM OTPOMHOIO KOJIMYECTBA ATOMOB
CTaTHCTHYECKHE 3aKOHbl HAYMHAIOT JAEHCTBOBATH W  KOHTPOJIHPOBATH
MOBEJICHUE 3TUX assemblees ¢ TOYHOCTHIO, BO3PACTAIONICH C yBEIWIEHHEM
YHCIa aTOMOB, BOBJEUYEHHBIX B Iporecc. IMEHHO Tak cOOBITHS 0OpeTaroT
JEWCTBUTENPHO 3aKOHOMEpHbIE 4epThl. Bce Qusnueckne um Xummdeckue
3aKOHBI, KOTOpbIE, KaK H3BECTHO, HIPAIOT BaXHYIO pOJIb B IKHU3HU
OPTaHU3MOB, SIBIISTIOTCS CIMAMUCTUYECKUMU.

JIroOo¥i npyrodi BuA 3aKOHOMEPHOCTH W YMOPSIOYEHHOCTH, KOTOPBIH
MOXHO ce0e TMpeNcTaBUTh, IIOCTOSIHHO HapyllaeTcs W  CTaHOBUTCA
He/IeHCTBEHHBIM BCIIECTBHE HEIIPEPBIBHOTO TETJIOBOTO JBIKEHHUS aTOMOB.

7. TouHOCTHh (PU3HYECKUX 3AKOHOB OCHOBAaHA HA
00JIbIIIOM KOJINYeCTBE YYACTBYIOIIIMX AaTOMOB

Pazpemmte MHE NONBITaThCS NPOMIUTIOCTPHUPOBATH CKa3aHHOE BBIIIE
HECKOJIBKUMH NIPUMEpPaMH, BBIOPAHHBIMH JI0 HEKOTOPOI CTENEHH CIydaiiHO
¥, BO3MOXHO, HE CaMbIMH JyYIINMH, HO KOTOpPBIE MOXXHO IIPHBECTH
YUTATEINIO, BIIEPBHIC 3HAKOMSIIIEMYCS C 3THM TTOJIOKEHHUEM — MOJI0)KEHHEM,
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KOTOPOE B COBPEMEHHOW (H3MKE W XUMHH SBJISCTCS CTOJb
Ke(pyHIAMEHTAIBHBIM, KaK, CKaKeM, B OMOJIOTHH TOT (PaKT, YTO OPTaHU3MBI
COCTOAT W3 KJIETOK, WM KaK HBIOTOHOBCKHE 3aKOHBI B aCTPOHOMUH, HIIH
ke Kak ps HATypaJbHBIX uncen 1, 2, 3, 4, 5, ... B Mmaremaruke. BriepBeie
3HAKOMSIIIUIACS ¢ BOIPOCOM HE JOJDKEH OXKHAATh, YTO, MPOYNTAB HECKOIBKO
CTpaHHI, OH TIOJIHOCTBIO IOMMET M OLEHUT MpPEIMET, KOTOPBIH CBA3aH C
u3BeCTHhIME KMeHamu Jlromsura boseiimana w Ywuiapga ['mbb6ca u
Ha3BIBACTCS CIMAmMuUCmuieckol mepmoOUHaAMUKOL.

8. IlepBbIii npuMep (MapaMarHeTUs3m)

Ecmu BBl HamoJTHUTE KBapIIEBYIO TPYOKY KHCIOPOIOM M MMOMECTHTE €€ B
MAarHUTHOM TOJie, Bbl OOHAPYXHUTE, YTO ra3’  HaMarHUYMBAcTCA.
HamarnnuvBanue OOYCIOBJIEHO TE€M, YTO MOJIEKYJIbI KHCIOPOJA SIBISIFOTCS
KPOXOTHBIMH MAarHUTaMH M CTPEMSTCS PACIOJIOKHUTHCS BIOJb CHIIOBBIX
JIUHUH TOJIsI, KaK cTpenka kommaca (puc. 1).

Puc. 1. [TapamarneTusm

P >

Hanpasaerie MaeHimnozo oAR

Ho ne cnenyer mymaTh, 4To OyKBalbHO BCE OHU OyIyT OPHEHTUPOBATHCS
napajuleJIbHO Apyr Apyry. Ecimu BBl ynBonTe HalpsHKEHHOCTH IOJNS, TO B
HalleM KHCJIOPOJHOM Tejle HaMarHMYeHHOCTh  YIBOUTCSA, M JTa
MIPOMIOPLIHOHANBHOCTh OyJeT COOMIOAaThesl A0 TOJIed OYeHb BBICOKOM
HaNpsHKEHHOCTH, — HAaMarHUYeHHOCTh OyIeT YBEIWYMBAThCA B TOW Ke
CTEIICHH, KaK 1 HAalPsDKEHHOCTD OIS, KOTOPYIO BBI IIpUJIaraeTe.

OTO0 OCOOCHHO SIPKHH TpUMEp HYHCTO CTATHCTHYECKOTO 3aKOHA.
OpueHTanuy, KOTOPYIO CTPEMHTCS BBI3BaTh MAarHUTHOE I10J1€, HEMPEPHIBHO
NPOTHBOJCHCTBYET TEIUIOBOE IBIDKEHHE, OOYCIaBIMBAIOIIEE CITydaliHYIO
OpHEH-

7 a3 Bbl6paH NOTOMY, 4YTO OH MpoLlle TBEPAOro Tena UM XNAKOCTU, CbaKT,

YyTO HaMarHuymMBaHue B 3TOM CJyvyae KpaillHe cnabo, He Hapylwaert
TEOPEeTUYECKNX 3aK/TI0UYEHNN.
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TAaI[MI0 ~ MOJIGKYJ.  Pe3ympraroMm  3TOH  OOpBOBI  SIBIIICTCSI B
JIEHCTBUTEFHOCTH TOJBKO TO, YTO OCTPBIC YIIIBI MEKAY OCSMHU JTUIONCH U
HAIMpaBJICHUEM II0JIsl MPeoONIaIal0T HA/l TYMbIMU. XOTSI €AWHUYHBIC aTOMBI
HEMPEePhIBHO H3MEHSIOT CBOI0 OPUCHTAIMIO, B CpPEAHEM Onaromaps Hx
OTPOMHOMY  KOJIMYECTBY  MOCTOSIHHO — [peo0siafiaeT  OpHEHTALUs B
HAIpPAaBJICHUH T0JISl U MPOMOPIMOHAIBEHO eMy. JTO OCTPOYMHOE O0OBsSCHEHHE
npuHaexuT ¢paniysckomy ¢usuky I1. JlamxkeBeHy. OHO MOXeET OBITH
NpoBepeHo  ciexywoommM  obpasom. Ecnu  nabGmrogaromieecst  ciaboe
HaMaroHun4mBaHUC I[eﬁCTBHTeJ'H:-HO ABJISICTCS peE3yIbTaTOM ABYX
COTICPHHUYAIOIIUX TCH)ICHI_II/Iﬁ — MAardvTHOI'O II0JIsI, KOTOPOC CTPEMHUTCI
OPHUCHTHUPOBATL BCC MOJICKYJIbBI MHapaluI€JIbHO, W TCIJIOBOTO ABUKCHUA,
KOTOpOE€ BBI3BIBAET HMX CIIy4YaiiHyl0 OpPUEHTAlHWIO, TO, 3HAYUT, MOYKHO
VBEJIMYUTh HAMATHWYWBAHWE, HE YCWIMBAs TOJSA, a OCIA0NsAs TEIUIOBOE
JBIDKEHUE, TO €CTh MOHMXKAsl TEMIlepaTypy rasa. OTo ObLIO MOATBEPKICHO
JKCIEPUMEHTOM, KOTOPBIil [OKa3al, YTO HAMArHUYHMBaHUE BEIECTBA
00paTHO MPOTOPIHOHAIEHO €ro a0COMIOTHON TeMIepaType, a 3TO HaAXOAUTCS
B KOJIMYECTBEHHOM COTJIACHHU ¢ Teopuei (3axonom Kiopu). CoBpeMeHHas
IKCTIEPUMEHTANIbHAS TEXHHKA MMO3BOJISET IyTEM MOHIKEHUS TEeMIepaTypbl
JIOBECTH TEIUIOBOE JBW)KEHHE MOJIEKYJ /IO TaKUX MallbIX pa3MepoB, YTO
OpHUCHTHpYIOIasd TCHACHIIUA MAarHUTHOTO IIOJIA MOXKET IMPOABUTH ce6$[ ecian
HC IIOJIHOCTBHIO, TO B I[OCTaTO‘-IHOﬁ CTCIICHU JJIsd TOrO, LITOGI:.I IMpON3BECTU
CYIIECTBEHHYIO 4YacTh «IIOJHOIO HaMarHM4YMBaHHS». B 3TOM ciyyae Mbl
OosibIlle HE MOXEM OXHJaTh, YTO JAJIbHEWIIee YABOCHHE HAIPSKEHHOCTH
MOJsl  YABOUT W  HaMarHWYEHHOCTh. llociemHsisi ¢ yBEJIMYCHUEM
HATPSDKCHHOCTH TOJsI OyAeT YBEIUYMBATHCS BCE MCEHBIIE WM MEHBIIIE,
MpUOIIKAsICh K TOMY, YTO HA3BIBACTCS HACbLUjeHueM. ITO MPEANOI0KECHHES
TAK)KE KOJTMIECTBEHHO MOITBEPIKAACTCS IKCIEPHMEHTOM.

3aMeTbTe, YTO TaKoe I[OBEACHHE IIEIUKOM 3aBHCUT OT HATHYUS
OTPOMHOTO KOJIMYECTBA MOJIEKYJ, KOTOPbIe COBMECTHO YYacTBYIOT B
CO3JJaHWH HAOJIOIAEMOTO SIBJICHHS HAMAarHUYMBaHUS. B TPOTHBHOM cityuae
HAMarHWYMBaHUE HE TMOJYUHSIOCH Obl ONpPEICJICHHOMY 3aKOHY H
MU3MEHSUIOCh ~ Obl  COBEpIEHHO  OECCUCTEMHO,  CBHJICTENLCTBYS O
MMPEBPATHOCTAX 60pb6b1 MCXKY BHCHIHUM MArHUTHBIM IOJIEM U TEIIJIOBBIM
IBIKCHUEM.

9. Bropoii npumep (0pOyHOBCKOE IBUKEHUE,
anpPysus)

Ecnu BBl HamoJHWTE HIDKHIOIO YacThb 3aKpPBITOTO CTEKISIHHOTO COCYZa
TYMaHOM, COCTOSIINM M3 MENbUaiIINX KamleleK, TO YBUAWTE, YTO BEPXHSII
TpaHMIla TyMaHa IIOCTENEHHO MOHMXAETCS C COBEPILCHHO OINpPEIEICHHOMN
CKOPOCTBIO, 3aBHCAIIEH OT BSA3KOCTH BO3AyXa, pazMepa W IUIOTHOCTH
karnenek. Ho ecnu BbI mocMOTpuTe Ha
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OJIHy U3 KaleleK B MUKPOCKOII, TO YBHIUTE, YTO OHA OIyCKAeTCs HE C
MIOCTOSIHHOW  CKOPOCTBIO, a COBEpLIaeT BeCchbMa OECHOpSJOYHOE, TaK
Ha3bIBAEMOE  OpPOVHOGCKOe — OBUdiICeHue, KOTOpOE JHIIb B  CPETHEM
COOTBETCTBYET MOCTOSIHHOMY CHIKEHHIO.

Puc. 2. Ocenaromuii ryman Puc. 3. BpoyHoBckoe nBuskenne
ocefarolel Kamiu

DTH KamenbKu XOTS U HE SBJISIOTCS aTOMaMH, HO yXKe JOCTATOYHO MAJIbI
U JIETKW, YTOOBI YYyBCTBOBAaTh TONYKU EIMHUYHBIX MOJCKYJI, KOTOPBIS
HEMPEPBHIBHO BO3JCUCTBYIOT HA UX MOBEPXHOCTH. TONKaeMbIe TAKMM 00pa3om
KarelbKH MOTYT TOJIBKO B CPEIHEM MOAYMHATHCS JCHCTBUIO CHIIBI TSDKECTH
(puc. 2 u 3).

OTOT TpUMEp IMOKAa3bIBAET, KAKWE YIAMBUTEIbHbIE U OECIOpsI0YHbIC
BIICUYATJICHUsS] MOJydYald Obl MbI, €ciu Obl HAlIM OpTaHbl YyBCTB ObLIM
BOCIIPUUMYHBBI K YJ[apaM YKE€ HEMHOTHUX MOJICKYJL.

HmeroTcst GakTepry U IpyTrUe OpraHu3Mbl, CTOIb MaJIbIe, YTO OHH CHIIb-
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HO TIOJBEPXKCHBI 3TOMY sBICHHIO. VX JABIKEHHE OIpeenseTcs
TEIUIOBBIMU  (UIYKTYAIIMSIMA OKPYXKAIOIICH Cpelbl; OHM HE UMCIOT IIpaBa
BbIOOpa. Ecnm oHM 007amaioT coOCTBEHHOH MOIBIKHOCTBIO, TO BCE JKE
MOTYT HEpPEABHUTATHCSA C OAHOTO MECTa Ha JIPYroe, HO TOJNBKO C OOIBIINM
TPYAOM, TOCKOJNBKY TEIUIOBOE JABIDKCHHE INBHIPSCT WX, KaK MaJCHBKYIO
JIOJYOHKY B OyIIyIOIeM Mope.

OdeHp CXOOHO C OpPOYHOBCKHM JBIDKEHHEM SIBICHUE Oupgysuu.
IIpencraBpTe cebe cocyna, HANOMHEHHBIH J>KUAKOCTBIO, CKaXeM BOJOH, C
HEOOJIBIIIMM ~ KOJIMYECTBOM  KaKOTO-HUOYIb  Kpacsllero  BEIIECTBA,
pacTBOPEHHOT0 B HEW, HampuMep I[EepPMaHraHaTa Kajiusd, HO HE B
pPaBHOMEPHOW KOHIICHTpAIMH, a CKOpee TakK, Kak MOKa3aHO Ha puc. 4, rue
TOYKH 03HAYAIOT MOJICKYJIBI PACTBOPEHHOT'O BEIIECTBA U T KOHIICHTPAILUS
YMEHBIIIAETCs CIeBa HATIPARBO.

Puc. 4. Iu¢dy3us (cieBa Hanpaso) B pacTBope ¢
HepaBHOMEPHOH KOHUEHTpaluei

o
(IR
@ of
o
°cﬂn°g&oonn° ® 50%0

o
s ° o 0% o

Ecaun BBI ocTaBuTe 9Ty CHUCTEMY B IIOKOE€, HAYHCTCA OYCHb Me}IHeHHLIﬁ
nporecc muddysun. [lepmanranar OyaeT pacpoOCTPaHATHCSA B HANIPABICHUN
clieBa HANpPaBO, TO €CTh OT MecTa (ojiee BBHICOKON KOHILEHTPALUH K MECTy
Oomee HHM3KOW KOHICHTPAI[MH, T[OKa, HAKOHEL, HE pPaCIpeAeTUTCS
PaBHOMEPHO II0 BCeMy 00beMy BOJBL.

B 3TOM [OBOJBHO MPOCTOM U, OYEBHUIHO, HE OCOOCHHO HHTEPECHOM
IPOIIECCe 3aMEYATENBHO TO, YTO OH HU B KAKOW CTEIICHH HE CBSI3aH C KaKOM-
7100 TEHICHIMEH WK CHIIOH, KOTOpasi, KaK 3TO MOXKHO ObUIO ObI MOAyMaTh,
BJICYET MOJIEKYJIBI IEPMaHraHaTa U3 00JACTH, Iie OYEHb TECHO, B 00JAaCTh,
rae mocBoGOAHEH, MOAOOHO TOMY Kak, HAIpUMEp, HACEICHHE CTPaHbI
mepeceisieTcsl B Ty 4acThb, rae Oospine mpocropa. C HANIMMU MOJEKYyJTaMU
IepMaHraHara HHA4YEro HOZ[O6HOFO HE TIPOUCXOOUT. Ka)K):[aSI U3 HUX BEACT
ceOsl COBEpINCHHO HE3aBHCHMO OT JAPYTHX MOJEKYJd, C KOTOPBIMH OHa
BCTpeyaeTcss BechbMa penko. Kaxkagas M3 HUX Kak B obiacta OoJblueit
TECHOTBI, TaK U B 0ojiee CBOOOMHOH YacTH HCHBITHIBACT OJHY U Ty XKe
cyan0y. Ee HenpepsIBHO
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TOJIKAIOT MOJIEKYJIBI BOZBI, M, TakKUM o00pa3oM, OHa IIOCTEIIEHHO
MPOJIBUTAETCsl B COBEPILICHHO HETIPECKa3yeMOM HaIpaBlICHUH: 110 MPSIMOH B
CTOpOHY WK OoJiee BBHICOKOHM WM OoJiee HU3KOW KOHICHTPAIMH. XapakKTep
JBIDKCHUH, KOTOpHIE OHA BBIMOJNHACT, YacTO CPAaBHUBAIOT C JBM)KEHHEM
YeJlOBeKa, KOTOPOMY 3aBS3aIM TIJla3a Ha OONBIION IUIOMIAAW W BENEIH
«IIPOMTUCH», HO KOTOPBIH HE MOXKET HPUAEPKHUBATHCA OMPEACICHHOTO
HanpaBJICHUs] M, TaKUM OOpa3oM, HEMPEPHIBHO H3MEHSET JHMHUIO CBOETO
JBIDKCHUS.

Tot dakr, 4yTo GecropsiIOYHOE ABHIKEHHE MOJIEKYJI IIEpPMaHraHaTa BCe Ke
JIOJIKHO BBI3BIBATH PErYJIIPHBIM TOK B CTOPOHY MEHBIIEH KOHLIEHTPALMK U B
KOHIIE KOHIIOB IIPUBECTUM K BBIPABHUBAHUIO KOHLIEHTPALMH, Ha IEPBBIN
B3MUIST KaKETCS HEMOHATHBIM, HO TOJBKO Ha TepBbld B3mn. [lpum
TIIATEJIPHOM PAacCMOTPEHUH Ha pHUC. 4 TOHKUX CJIOEB IIOYTH ITOCTOSIHHOM
KOHLEHTPAIlM MOYKHO MpEACTaBUTH cebe, KaKk MOJIEKyJIbl NepMaHTaHara,
KOTOpblE B JaHHBIH MOMEHT COAEPXATcsl B ONPENENICHHOM  CIIOE,
OecropsIoYHO BUrasich, OYAYyT C pPaBHOH BEPOATHOCTHIO MEpeMeniaThes 1
HanpaBo, U HajieBo. Ho MMEHHO BCIIEICTBHE 3TOrO MOBEPXHOCTH paszela
JIBYX COCEIHHX CJIOEB OYAET MepeceKaThCst OOIBIINM KOTHIECTBOM MOJICKYI,
NPUXOIINX CJIE€Ba, a HE B OOpPaTHOM HAmpaBiICHUH. OTO TPOU30MIET
IPOCTO MOTOMY, YTO clieBa OOJbIIE OECHOPSIOUYHO ABUKYIIUXCS MOJEKYII,
YeM CIpaBa, W JI0 T€X 0P, MOKa 3TO TaK, OyIeT MPOUCXOAUTH PEryJspHOE
IepeMellleHue clleBa HalpaBo, MOKa, HAKOHEI, He HACTYIHUT PaBHOBECHOE
pacipeieieHue.

Ecnmn st cooOpaxeHuss mepeBeCTH Ha MaTEMaTH4eCKHH SI3bIK, TO
noryuuM and¢epeHnnanbHoe  ypaBHEHHE B YacTHBIX — IPOW3BOJHBIX,
OTIMCHIBAIOIIEE MAaTEMAaTHIECKH TOYHO 3aKOH AN dy3nu

I _ DV? p.
at

OOBsCHEHHEM JTOTO 3aKOHAa s He Oyoy YTPYXKAaTh YHTATENs , XOTA
CIIeNIaTh 3TO JNOCTATOYHO HpOCTOg. O cTporoit «MaTeMaTHYECKONH TOYHOCTHY
3aKOHA YIOMMHAETCS 3AeCh I TOro, YTOOBI MOAYEPKHYTh, YTO €ro
(u3nYeckas CyIHOCTh JOJDKHA, TEM HE MEHEe, MPOBEPATHCS B KAXKIOM
KOHKpPETHOM ciy4ae. Bylyun ocHOBaHa Ha CIy4yailHOCTH, CHpPaBeIMBOCTH
3aKOHa OyJeT TOJBKO MpHONM3UTENBHONW. Eciam mMeeTcs, Kak MpaBHIIO,
JIOCTATOYHO XOpollee MPHONMKEHHE, TO 3TO TOJNBKO Olaromaps TOMY
OTPOMHOMY KOJINYECTBY

KoHueHTpauua B oboli  AaHHOW Touyke yBenuumBaeTcs (Mam

YMEHbLUAETCs1) CO CKOPOCTbIO, MPSIMO MPOMOPLIMOHANLHON CPaBHUTENbHOMY
n3bblITky (MNM  HeaoCTaTKy) KOHUEeHTpauum B ee 6eCcKOHeYyHO Masnown
OKPECTHOCTU. 3aKOH Tersiornepeaayn UMeeT Mexay MpouYMM TOYHO TaKyk Xe
dopMy, ecnn «KOHUEHTpaLMIO» 3aMEHUTb «TeMMNepaTypomn».
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MOJIEKYJI, KOTOPbIC NPUHUMAIOT Y9acTHE B sSBICHUU. UeM MeEHbIIE HX
KOJIMYECTBO, TEM OOJIBIIE CITyYalHBIX OTKIIOHEHUH MBI JOJDKHBI OXHIATh, U
Opu  OJAaronpUsTHBIX — YCIOBHSIX 3TH  OTKJIIOHEHHS  JCHCTBUTEIBHO
HaOIIOJAr0TCS.

10. Tpernii npumep (npeaeabl TOUHOCTH
U3MepeHus)

ITocnenuuit npumep, KOTOPBIH g NpUBEAY, CXOAEH CO BTOPBIM, HO UMEET
oco0ObIli uHTEpec. Jlerkoe Teno, MOABEIICHHOE Ha JJIWHHOW TOHKOHW HUTH U
HaxoJIs1Ieecs] B PABHOBECHH, YaCTO MCIOJB3yeTCs (pru3nKamu JJisi u3MEpEHHs
cabbIX CWI, OTKJIOHAIOMIMX €ro OT O3TOr0 IIOJIOXKEHUsS, TO €CTh IS
M3MEpEeHUs] 3JEKTPUYECKUX, MAarHUTHBIX WIA TPaBUTAMOHHBIX CHII,
NPWIAraeMbIX TaK, YTOObI TMOBEPHYTH €r0 OKOJIO BEpTHKAIBHOW och (s
KaXIOH  KOHKPETHOM  ILIeNIM,  ©CTECTBEHHO,  CIeoyeT  BBIOMpaTh
COOTBETCTBYIOLIEe JIerkoe Teno). [Ipomormkaronmecs NOMBITKH ITOBBICHTH
TOYHOCTH 3TOI0 BEChMa YacTO HCIIOJIB3YEMOI0 BapHaHTAa «KPYTHIBHBIX
BECOB» CTOJIKHYJIUCH C JIOOONBITHBIM IIPEIeIoM, KOTOPBIH Ype3BBIYAiHO
uHTEpeceH caM 1o cebe. Bridupas Bce Oomnee u Oomee jerkue Tena u Oonee
TOHKYIO U JUIMHHYIO HUTD, YTOOBI caciaTb BECbl YyBCTBUTCIIBHBIMU KO BCC
Oonee cinabbIM cHiIaM, JOCTUTAIOT Mpejena, KOrja IOJBEIICHHOE TeNo
CTaHOBUTCA YK€ 4YYBCTBUTCJIIbBHBIM K YyJdapaM TCIUIOBOIO JBWXCHUA
OKpYXXAIOIIMX MOJIEKYJl M HAuYMHAET WCIOJNHATH HETPEPHIBHBIA «TaHEeI
OKOJIO CBOETO PABHOBECHOTO MOJOXEHUs — TaHell, BeChbMa CXOAHBIH C
JIpO’KaHWEeM Kallld, OIMCAaHHBIM BO BTOPOM IIpHMepe. DTO MNOBE/IEHHE He
ompenenser enie abCONMIOTHOrO Npeea TOYHOCTH U3MEPSHUH Ha TOTO00HBIX
Becax, OJHAKO OHO BCE-TAKM YKa3bIBaeT MPAKTUUSCKU HA MPEAeN U3MEPEHUH.
He nopnaromuiicss KOHTPOITIO 3G (EKT TEIUIOBOrO IBIKECHHS KOHKYPHPYET C
JNEeHCTBHEM TOM CHIIBI, KOTOPYIO CIeQyeT M3MEpHTb, M JIMIIAeT 3HAUYCHHUS
eIMHUYHOEe HaOMIofaeMoe OTKJIOHEHHE. BBl IOJDKHBI TpOAeNaTh CBOM
W3MEpeHUs] MHOTO pa3, 4YToOBl HeWTpanm3oBaTh 3(deKkT OpoyHOBCKOTO
JABMKCHU BallIeTO MHCTPYMECHTA.

DTOT mpuMep, A AyMaro, SBIAETCS OCOOCHHO HATJISIIHBIM, MO0 HAIIH
OpraHbl YyBCTB B KOHIIE KOHIIOB IIPEACTAaBISAIOT COOOH TOXE CBOEro poja
MHCTPyMEHT. MBI MOXEM BHJIETh, KAKUMH OECIIOJIE3HBIMH OHH OBLIM, €CIIH
OBl CTaJM CIIMIIKOM 4yBCTBUTEIEHBIMH.

11. IIpaBuso \n

ITpumepoB npuBeneHO, g JyMaro, J0CTaTO4HO. J|00aBIIO TOJIBKO, YTO HET
HH OJTHOTO 3aKOHa (DM3MKH M XHMHH U3 TE€X, KOTOPbIE UMEIOT OTHOIIEHUE K
OpraHu3My WM K €ro B3aUMOJEHCTBUIO C OKPY>Karollel Cpeloi, KOTOPBIM He
Mor ObITh BbIOpaH B KauecTBe npumepa. OOBSICHEHHE MOXKET OKa3aThCs
Oosiee CI0KHBIM, HO TJIABHOE BCET1a OCTAHETCS TEM XK€ CaMbIM.

Ho 51 xoTen 651 OCTaHOBUTHCS €llie Ha OJHOM Ba)KHOM KOJIMYECTBEHHOM
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TIOJIO’KEHHH, KacaloIeMcsl CTEIIEHN HETOYHOCTH, KOTOPYIO Ha/l0 0XKUAATh
B TI060M (DH3HUECKOM 3aKOHE. DTO TAaK Ha3bIBAeMBbIil 3akoH \n. CHauana s
MPOMJUTIOCTPUPYIO €r0 MPOCTHIM MPUMEPOM, a JAIBIIE CETIal0 0000IIeHHE.

ITycTp HEKOTOpBIM Ta3 NpPH ONPENENICHHBIX [aBJICHUH W TEMIeparype
MMEET OINpPEJENICHHYIO TNIOTHOCTB, TOT/A sl MOTY 3TO BBIPAa3HTh, CKa3aB, 4YTO
BHYTPHM JaHHOrO oObema (KOTOpPBIH 1O pa3Mepy MOIXOMUT st
9KCTIIEPUMEHTa) MPH JAHHBIX YCIOBUSX HMMEETCS 7] MOJEKyn rasa. Ecim B
KaKOW-TO MOMEHT BPEMEHHU BbI 3aXOTHTE MPOBEPUTh MOE YTBEP)KICHHUE, TO
HaliZieTe ero HETOYHBIM: OTKJIOHEeHHe Oyxaer mopsiika \n. ClenoBaTesbHO,
ecmi 17 = 100, TO OTKIIOHEHHME cocTaBUT mpuoOIM3nuTeabHo 10. Takum
00pa3oM, OTHOCHTEIbHAS MOTPENIHOCTh n3MepeHus paBHa 10%. Ho eciou 1 =
1000000, ToO, BepoATHO, OTKJIOHEHHE OyaeT paBHBIM mpumepHo 1000, a
oTHocHTenbHas norpemnocts — 0,1%. I'py0o roBops, 3TOT cTaTHCTHYECKUI
3aKOH SBJSIETCSI BeChbMa OOIIUM. 3aKOHBI (DPM3UKK M (DU3UUECKOH XUMHUHU
HETOUYHBI B TpejieflaX BEPOSITHOW OTHOCHUTEIBHOW MOTPEIIHOCTH, NMEoLIeH
nopsoK 1/\n, Te 7 — KONHYeCTBO MONEKYJ, yIaCTBYIONUX B MPOSBICHUM
3TOT0 3aKOHAa — B €r0 OCYILECTBICHUH BHYTPH TOH 00JAcTH IIPOCTPaHCTBA
WIM BpeMeHH (WAM ¥ MPOCTPAaHCTBA M BPEMEHH), KOTOpas ITOMJIEKUT
PacCcMOTPEHHIO.

Takum 00pazoM, Bbl CHOBA BUIIUTE, YTO OPraHH3M JIOJDKEH MPECTaBIISATH
co00i OTHOCHTENBHO OOJBLIYIO CTPYKTYPY, COCTOSIIYIO M3 MHOXECTBa
aTOMOB, YTOOBI HACIAXKJATHCS OJIArOJICHCTBHEM BIIOJIHE TOUHBIX 3aKOHOB KaK
B CBOEH BHYTPEHHEH JKM3HH, TaK ¥ IIPY B3aUMOJICHCTBIH C BHEIIHUM MHPOM.
Ecnu Obl KOMMYECTBO y4acTBYIOIIMX YacTHI] OBUIO CIMIIKOM Majo, TO
«3aKOH» OKazajcs Obl CIMIIKOM HETOYHBIM. OCOOEHHO  BaKHBIM
TpeboBaHMEM SIBISIETCS 3aKOH KBaJPAaTHOTO KOPHS, MOTOMY 4TO XOTS
MUUIHOH M JIOCTaTOYHO OOJBIIOE YHCIIO, OgHAKO TOYHOCTH 1 Ha 1000 He
ABISIETCST YPE3MEPHO XOpOIIEH, eCIIM CyLIECTBO Jesia NMPEeTeHIyeT Ha To,
4TO0OBI OBITH «3akoHOM IIpHpoas».
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I1. MexanusM HACJeICTBEHHOCTH

Das Sein ist ewig; denn Gesetze Bewahren die Lebend'gen Schatze, Aus
welchen sich das All geschmiickt.

Goethe1

12. BbIBOJBI KJIaCCHYECKOr0 Gu3uKa, 0yay4u
JAAJIeKO He TPUBUAJIbHBIMHU, 0KA3bIBAKTCH
HEeBEPHbIMHU

Wtak, MBI NpUOUIM K 3aKIIOYEHHIO, 4YTO OpraHu3M CO BCEMH
MPOTEKAIONIIMMHU B HEM OHOJIOTHYECKUMHU MPOIIECCaMU TOJDKEH UMETh BEChbMa
«MHOTOaTOMHYIO» CTPYKTYpY; HEOOXOJMMO TakKe, 4YTOOBI CIydaiHbIe
«OIHOATOMHBICY» SIBIEHHS HE WIPAJd B HEM CIHIIKOM OOJBIION ponu.
CymiecTBeHHO, TOBOPHT HauWBHBIA (DM3MK, 4TOOBI B OCHOBE OpraHmM3Ma
JIeKaIl JOCTaTOYHO TOYHBIE (hM3MUYECKHE 3aKOHBI, HA OCHOBE KOTOPBIX OH
MOr OBl OPraHM30BaTh CBOIO HCKIIOUHUTEIBHO PETYISPHYI0O U XOpPOIIO
YIOPSAAOUCHHYI0 pPaboTy. B Kakoil cTelmeHH NpPWIOKHMBI K pealbHBIM
OmonornyecknuM (pakTaM STH BBIBOABI, CHIENAaHHBIE a priori, T. €. C YHCTO
(uznueckoit Touku 3peHust?

Ha HepBBIﬁ B34 MOXKET IIOKa3aTbCs, YTO 3TU BBIBOABI JOBOJIBHO
TpUBHANBHEL. buonor, ckaxem, jer 30 Hazax MOTr yTBEpXKAaTh, YTO XOTS
JIEKTOPY-TIOMYJISIPU3aTOpPy BIIOJIHE YMECTHO MOJYEPKHYTh 3HAUCHHE 3aKOHOB
CTaTHCTHYECKOH (H3MKN Npu (HYHKIIMOHMPOBAHUHM OpPraHn3Ma, Kak M JII000iH
JIpYTOH CHCTEMBI, OJTHAKO 3TO yTBEpXKICHHE, MOXKAIYH, depecuyp H30OHTas
WCTHHA, HOO NEWCTBUTENBHO, HE TOJBKO OPraHM3M B3pOCIOr0 MHIMBHIYyMa
T000TO BBICOKOPA3BUTOTO CYIIECTBA, HO M KaXJas KJIETKAa €ro COICpP)KUT
«KOCMHYECKOe» YHCJIO EOWHUYHBIX aTOMOB. M KaXIblii OTIENBHBIA
(u3HoNOrNUeCcKuil IMpoIecc, KOTOPbIH MBI HAOIOAaeM WM BHYTPU KIIETKH,
WM TIPY €€ B3aNMOJICHICTBHH C BHEIIHEH Cpeoif, KaxeTcs (FIH Ka3aioch JIeT
30 Hazan), BOBJIEKA€T TaKO€ OTPOMHOE KOJWYECTBO €IMHMYHBIX aTOMOB U
CAVMHUYHBIX @TOMHBIX IIPOIECCOB, YTO TOYHOEC BLIITOJIHEHUEC 3aKOHOB (bI/ISI/IKI/I

BbiTne Be4yHO, MBO CyLECTBYIOT 3aKOHbl, OXpaHsSKLWMe COKpoBMLLA
XM3HWU, KOTOpPbIMK yKpallaeT cebs BceneHHas. — lete.
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n (usnyecKkol XMMHU TapaHTHPOBAaHO JaXe IIPU BeEChMa IKECTKOM
TpeOOBaHMM CTATHCTHYECKOW (PU3NKM B OTHOLIEHUH «OOJIBIINX YUCE». DTO
TpeGOBAHIE 51 TOJNBKO UTO MPOMILTIOCTPHPOBAI Ha IPUMEPE V7.

Temepsr MBI 3HaeM, 9TO Takas TOYKa 3peHUs Obuta Obl ommbouHOU. Kak
Mbl ceifyac yBUIUM, HEBEPOSTHO MAaJICHBKHE TPYINIBl aTOMOB, CIUIIKOM
Majble, 4YTOOBI MPOSBIATH TOYHBIE CTAaTUCTHYECKHE 3aKOHBI, WIPAIOT
ITIAaBEHCTBYIOLIYI0 POJIb B BECbMa YIOPSAOYEHHBIX M 3aKOHOMEPHBIX
nporeccax BHYTPH Kaxaoro opraHusMa. OHHM yIpaBisSIOT BHAUMBIMH
npu3HakaMu OOJBLIOr0 MacuTada, KOTOpble OpraHM3M HpHOOpeTaeT B
TEUEHHE CBOETO pa3BUTHUS; OHU OIPENENSIOT BaKHbIE OCOOEHHOCTH €ro
d)yHKIII/IOHI/IpOBaHI/IH, U BO BCEM OTOM IIPOABIAIOTCA BECbMa OTUCTIMBLIC U
CTporue OMOJIOTHYECKHE 3aKOHBI.

51 moypkeH HayaTh ¢ KPaTKOTro MOJBEJICHUS UTOTA JOCTH)KEHUH OMOJIOTHH
M, B YaCTHOCTH, T'CHETHKH; APYTMMH CIIOBaMH, 51 JOJDKEH IIOJBITOXHUTH
COBPEMEHHOE COCTOSIHUE 3HAHWH B TOW 00JacTH, Tae s — HE aBTOPHTET.
Otoro Hemnp3st M30€XaTbh, W IMOATOMY SI TNPHHOLIY HW3BHHEHHS, OCOOCHHO
Ouoiory, 3a JAWIETAHTCKUI XapakTep H3JIOKeHHsA. S mpomry Taroke
Pa3pelIeHns] H3JI0KHUTh TOCIIOJCTBYIONIME MPEACTABICHUS Ooliee MM MeHee
mormatngHo. OT «OenHoro» (pU3HMKa-TeopeTnKa HeNlb3s OKUAATh, YTOOBI OH
c/ienain 4yTo-HUOyIb M0100HOe KOMIIETEHTHOMY 0030pYy 3KCIIEpUMEHTAIBHBIX
JAHHBIX, TOJYYEHHBIX B PE3yJbTaTe OOJIBIIOTO KOJIWYECTBA BEIMKOJICITHO
BBIIIOJIHECHHBIX CepI/Iﬁ OKCIICPUMEHTOB I10 CKPCIIMBAHWIO, 3aJyMaHHBIX C
OecrnpeneIEeHTHBIM OCTPOYMHEM, C OJJTHOW CTOPOHBI, M TPSIMBIX HaOIOCHUH
HaJl )KMBOW KJIETKOW, MPOBEAEHHBIX CO BCEH YTOHYEHHOCTHIO COBPEMEHHOM
MUKPOCKOIHU, — C APYTOH.

13. HacieacrBeHHbIH IIH(PPOBAJIBLHBIN KO
(XpomMocoMbI)

PazpemTe MHE BOCIIONB30BATHCS CJIOBOM «IUIaH (pattern) opraHm3May B
TOM CMBICJIC, B KaKOM 6I/IOJ'IOF Ha3bIBACT €I0 «IUJIaHOM B ‘{CTprCX
U3MEPEHHUAX», IOApa3yMeBasgs IIpU DOTOM HE TOJIBKO CTPYKTYypy H
(YHKIIMOHMPOBaHUE OpPraHU3Ma BO B3POCIOM COCTOSHMM MM Ha JIHO0OM
prI‘Oﬁ craaun paSBI/ITI/ISI, HO U OpI‘aHI/I3M B €0 OHTOI'CHCTUYCCKOM paSBI/ITI/II/I
oT OHHOI[OTBOpeHHOﬁ HﬁHeKJICTKI/I A0 CTaauu 3pCIoCTU, KOrla OH HAYMHACT
Pa3MHOXKATbHCA. Tenep}, HU3BCECTHO, YTO ITOT IJIAaH B YETBIPEX HU3MEPCHUAX
OTIpEJIeNIACTCS. CTPYKTYpOM BCEro OJIHOM KIETKH, a MMEHHO CTPYKTYpOH
OINIOAOTBOPEHHOI'O ;{ﬁua. Boee TOro, Mbl 3HAa€M, 4YTO OH B OCHOBHOM
OTIpeNIeNAeTCs CTPYKTYPOU TOIBKO OJHOM HEOOJBIION YacTH STOH KIETKH, e¢
}ZOPOM. Taxkoe ﬂHpO B O6I>I‘IHOM «IMOKOSAIIEMCS» COCTOSIHUU KIICTKH
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MPEACTaBISETCSl KaK CeTKa xpauamuuaz, pampeleseHHoro B BHIE
MMy3blpbKa BHYTpU KJIeTKU. Ho BO BpeMsl *KU3HEHHO BaXKHBIX IMPOLECCOB
KIIETOYHOTO JACJCHUS (Mumosa WINA Melio3d, CM. HIDKE) BHUAHO, YTO SAPO
COCTOMT U3 HaboOpa YacTull, 0OOBIYHO UMEIOIIKUX (HOPMY HUTEW WITH MAIOUYEK U
Ha3bIBAEMBIX XPOMOCOMAMU, KOIWYECTBO KOTOpHIX 8, win 12, Wi, Kak,
HalpuMep, y 4YeJoBeKa, 48.° B HeHCTBHTENbHOCTH 5 JOKEH ObLI Obl
HANKCATh 3TH (B3ATHIC UL NPUMEpa) Yucia, Kak 2 X 4, 2 X 6,... , 2 X 24, u
TOBOPUTH O JBYX Ha0Opax, 4YTOOBI IOJH30BATHCS BEIPAKCHUEM B TOM
00OBIYHOM 3HAYCHHH, B KAKOM OHO YIOTPEOIICTCS OHOIOTOM.

XOTs OTHENbHBIE XPOMOCOMBI HHOTJA OTYETIMBO PAa3IMYUMBl U
WHAWBHIYAIH3UPOBAHEI IO (QopMe M pa3Mepy, OJHAKO STH ABa Habopa
XpPOMOCOM IIOYTH TOJNOOHBI Apyr Apyry. Kak ™Mbl yBuamM, omuH Habop
MPUXOANT OT MaTepy (AUIEKIEeTKA) U OJHH — OT OTHA (OILIOJOTBOPSIOMINIA
cnepmaTo3ons). VIMEHHO 3TH XPOMOCOMBI HIIH, BO3MOXKHO, TOJBKO OCeBas
WIM CKEJIeTHass HUTb TOTO, YTO Mbl BUIAUM IOJ MHKPOCKOIOM Kak
XpOMOCOMY, COJAEp)KaT B BHIE CBOEro pojaa MIH(POBAILHOIO KOJa BECh
«IJIaH» OyAyIIero pasBUTUSA WHAWBUAyyMa U €ro (yHKIHOHHUPOBAHHS B
3penioM cocTossHuM . KaXIplid TOTHBIH HA0Op XPOMOCOM COJEPIKUT BECh
mudp, MOITOMY, KaKk TPaBWIO, WUMEIOTCS IBE KOIWHU TIIOCIEAHETO B
OIUIOIOTBOPEHHON SIMUEKIIETKE, KOTOpas MPEACTABIAECT CaMyl0 PaHHIOK
CTanmuio OyIymero HHANBAIYyMa.

HazpBas cTpyKTypy XpOMOCOMHBIX HHTEH HIH(POBaIBHBIM KOIOM, MBI
[IO/Ipa3yMeBacM, 4YTO BCE OXBATHIBAIOUIMM yM, BPOJE TaKOI0, KOTOPBIH
HeKkoraa mpeacTaBisil cebe Jlammac m KoTopoMy Kakaas MPUYIMHHAS CBS3b
HETIOCPEJCTBEHHO OTKPBITA, MOT OBbI, HUCXOISA M3 CTPYKTYphl XPOMOCOM,
CKa3aTh, PA30BBETCS JIM SHMIIO MPHU OJATOMPHUATHBIX YCIOBHSX B YEPHOTO
neTyxa WIM B KpamyaTylo Kypully, B MyXy WM pacTeHUE Mauca, B
POIOJICHIPOH, KYKa, MBI WX YelioBeka. K 3ToMy MBI MOXEeM IPUOaBUTH,
YTO «BHEIIHOCTBY PA3JIUYHBIX SIMIIEKICTOK Y4acTO OBIBAECT OYEHBb CXOIHOH, U
ke eCJIHM 3TO He Tak (HampuMep, OTPOMHEIC SHIa MTUIl U PENTWIHN), TO
pasznuuue

? 370 cnoso osHauaer BELECTBO, KOTOPOE OKpalIMBaeTcs B MpoLecce
OKpaLLUMBaHWS, LUIMPOKO MPUMEHSEMOM B MUKPOCKOMUYECKOW TEXHUKE.

B HacTosilee BpeMsA yCTaHOBMEHO, 4TO Yy 4enosBeka 46 (2 x 23)
XpOMOCOM. — [IpuM. rnepes.

[eAcTBMUTENbHO, UCCNEA0BAHUS MOC/EAHUX JIET NOKAa3asu, YTO OCHOBHOM
«KOJ, HacneacTBeHHOCTU» 3akntodeH B HUTM [HK, KoTopas cocTtaBnsieT ocCb
XPOMOCOMbI. YCT@HOB/IEHO, YTO Y MWKPOOPraHuW3MOB eAuHWLEelh Koaa
ABMSOTCA TPU HYKIE0TMAA, MOC/EA0BaTENbHO PACMOAraloLmMXcs No ASIMHE
mMonekysnbl JHK. XpoMOCOMbI BbICLIMX OpPraHuW3MOB MOCTPOEHbl 3HAYUTENbHO
cnoxHee. MpouECcC CYMTbIBAHWUSA HACNEACTBEHHOW WHGOPMaUMKW y HUX He

CTO/Ib siceH. Ho, BepoATHO, B o6WMX 4YepTax OH noaobeH TOMy, KOTOpbIit
HabMoAaT Y MUKPOOPraHW3MoB. — [1puM. repes.
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OKa3bIBAETCSI HE CTOJIBKO B CYIIECTBYIOUIUX CTPYKTypax, CKOJIbKO B TOM
MUTATEIBHOM MaTepHuaje, KOTOPIA B 3THX CITydasx 100aBiseTCs.

Ho tepmun wugposarvubiii ko0, KOHEYHO, CIHIIKOM  Y30K.
XPOMOCOMHBIE CTPYKTYpPBI CIy>KaT B TO )K€ BpeMs H HHCTPYMEHTOM,
OCYIIECTBIISIOINM PA3BUTHE, KOTOPOE OHH ke npeaBeiatoT . OHM SBIAIOTCA
Y KOJIEKCOM 3aKOHOB, W MCIIOJIHUTEIBHON BJIACTBIO WIIH, YIOTPEOIIsisl qpyroe
CpaBHEHHE, OHU SIBJISIOTCA OJHOBPEMEHHO M apXUTEKTOPOM, U CTPOUTEINIEM.
Kak xpomocomsl BeayT ceOst B onTorenese’?

14. PocT oprannsMa nmyreM KJeTOYHOIO JeJIeHUus
(MUTO3)

Poct opranumsma ocylecTBIsSIETCS IOCIENOBATEIbHBIMU KJIETOUYHBIMHU
IelleHusIMH. Takoe KIIETOYHOE IeeHHE, Ha3bIBAEMOE MuUMOo30M, HE CTOIb
yacToe COOBITHE, KaK JTOT0 MOXKHO OXHJIaTh, YYUTHIBash OTPOMHOE
KOJIMYECTBO KJIETOK, M3 KOTOPBIX COCTOMT Hall OopraHu3M. BHauane pocT
uaeT OBICTPO, SHIIEKICTKA OEIUTCS Ha JBE «IOYEPHHE», KOTOPhIE 3aTeM
JIAI0T TOKOJICHUE U3 YeThIpeX KIETOK, nainee 8, 16, 32, 64, ... u 1. 1. Yacrora
JIeJICHUsT HE OJMHAKOBA BO BCEX YaCTAX pPACTYILIETO OpraHu3Ma, U 3TO
HapylulaeT peryJsipHOCTh uvcen. Ho myTeM MmpocToro BBIYUCIEHUS MOXKHO
YCTaHOBUTh, YTO B cpeaHeM goctaToyHo S50 mnm 60 mocnenoBaTeNbHBIX
JIEIIeHNd, 4TOOBI 00pa3oBaTh TO KOIHUYECTBO KJ‘ICTOK7, KOTOpO€ HMEET
B3pOCTBIN YEJIOBEK, WIIH, CKaKeM, B JIECSTh pa3 OOJbINE, €CIU MPHUHATH BO
BHUMAaHHE CMEHY KJIETOK B T€UCHHE JKU3HU. TakuM oOpa3oM, KIETKH MOETO
oprasu3Ma B CpPEOHEM OKAa3blBAIOTCS TOJBKO MATHUIAECATBHIM WU
HIECTUAECATHIM OKOJICHUEM TOTO Ai1la, KOTOPBIM sl KOTJ1a-TO oL .

5I'Ipe,cmor|o>|<eHV|e LWpeanMHrepa 0O  XpoOMOCOMax KakK  HOCUTENsIX
WwndpoBasbHOro Koaa BMOJIHE COOTBETCTBYET AaHHbIM COBPEMEHHOW HaykM,
HO nMpeAacCTaBNeHMe O HUX Kak M 06 MHCTPyMEeHTaX, OCYLUEeCTBASILNX
VHAMBUAYaNbHOE  pasBMTME, CMOopHO. B HacToswee Bpemsi  psag
nccneposaTenen  ulyyaet  ponb  6€NKOB-TMCTOHOB,  HaxoAsWMXcs B
XpOMOCOMax W peryinpylowmnx MpoLecc CYMTbIBAHUS Hac/neACcTBEHHOM
MHdopmauum ¢ Monekyn [OHK. OueHb nepcnekTMBHbI paboTbl P. W.
CanraHuka no M3y4yeHUI peryivmpoBaHusi akTUBHOCTW FEHOB FOPMOHaMu W

pa6otbl t0.M.OneHoBa MO KOHTPOJIMPOBAHWMIO MpoLecca WMHAMBUAYASIbHOrO
pasBuTUSA 3NUreHETUYECKUMIN DakTopamMun. — [IpuM. rnepes.

6
OHTOreHe3 — pa3BUTME MHAMBUAYYMA B TEYEHWE €ro XW3HW, B OTAN4UMnE
oT dunoreHesa — pas3BUTUSA BMAA B TEYEHWNE T'E€0SIOMMYECKMX NEPUOAOB.
7 17 18
Becbma rpy6o — 10 " vnm 10 .

B HacToslllee BpeMs YCTAHOBMIEHO, 4YTO cCOMaTMyeckas KneTka, Kak
npaewno, coseplwaer He 6onee 50-60 peneHu M nocne 3TOoro rubHer.
Bbicka3biBaeTcs npeanonoxeHue, yto atumm 50-60 geneHunamu obycnosneHa
CMepTHOCTb MHOTOK/TIETOYHbIX OpraHu3MoB. Mo MHEHUIO psaa
nccnenoBaTenen, ANs KAETKM BbICLUMX OPraHM3MOB CyLLECTBYET NWlWb ABa
nyTM «K 6eccMepTuio»: Uan nNpeBpalleHne B MOJSIOBYI0 KNETKY C 3a4yaTueM u3
Hee HOBOro opraHusma, uiamn nepepoXxaeHue B 3/10Ka4YeCTBEHHYH OMyXOJieBYO
knetky — llpum. nepes.

[peaunrep 2. Uto takoe xu3Hb? Ousnueckuil aCeKT )KUBON KIETKU. —
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15. B MuTO3€ KaxKaasi XpOMOCOMA yIBANBAETCS

Kak BexmyT cebs xpomocoMbl B MuTo3e? OHHU yIBaUBAIOTCA, yIBAaUBAIOTCS
00a Habopa, 00¢ Komuu mudpa. ITOT MPOLECC YPE3BBIYANHO HHTECPECHBIN,
MO3TOMY €ro MHTEHCHUBHO H3Yy4Yald, HO OH CJHIIKOM CJOXEH [Uisi TOro,
9TOOBI OMHUCHIBATH 3/€Ch ero jaetasd. OCHOBHOE 3aK/IIOYACTCs B TOM, UTO
KakJas M3 JIBYX JOYEPHHX KIIETOK MOJIyHYaeT «IIPHUIAHOE», COCTOSIIEE U3
0o0oux HAOOPOB XPOMOCOM, B TOYHOCTH TOJOOHBIX TEM, KaKue OBUIH Yy
POIUTETHCKON KIICTKH.

Takum oOpazoM, Bce KIeTKU Tena (comamuueckue KIeTku. — [lpum.
nepes.) COBEPILIEHHO T000HBI IPYT APYTY B OTHOLIEHWH UX XPOMOCOMHOTO
cokpoBumia . Kaxkmas, naxke MeHee BaKHasl KIETKa 00s3aTeNbHO 00IamaeT
MOJTHOM (IBOMHOMN) Kommed mmdpoBanbHOro konxa. Kak Obl Mano MBI HH
3HaNM 00 3TOM MEXaHMU3ME, Mbl HE MOYKEM, OJTHAKO, COMHEBATBCSI, YTO 3TOT
(hakT TOJKEH UMETh KaKOE-TO Ba)KHOEC OTHOIIICHHE K )KH3HU OpraHU3Ma.

CaMI)IM YAUBUTCIIbHBIM  MIPEACTABIIACTCA COXPAHCHHUE YABOCHHOI'O
XPOMOCOMHOTO Habopa IMpH BCEX MHUTOTHYECKUX JeNeHHsX. 1o, 4To 3To
Ba)KHasi OCOOEHHOCTh TEHETHYECKOTO MeXaHW3Ma, Haubojiee pasHuTEeNbHO
MOJITBEPKITIACTCS OJHUM-CIMHCTBEHHBIM HCKIFOUCHHEM W3 3TOTO MpPaBWIIA,
UCKJTFOUEHHEM, KOTOPOE MBI M JIOJDKHBI TETIEPh PACCMOTPETh.

16. Penykuuonnoe aejienue (Meio3) u
OILIOIOTBOPEeHHEe (CMHTaMus )

OdeHp CKOpO TOCJTE Hadaja pPa3BUTHSA OCOOM OIHA TpyIMIa KIETOK
pe3epBupyeTcst Al 00pa3oBaHMA MO3JHEE TAK HA3bIBAEMbIX T'aMET, TO €CTh
CIICPMHUEB WIIH SHICKICTOK (3aBUCHT OT IOja OCOOH), HEOOXOAMMBIX ISt
Pa3sMHOXKEHUS HHIUBHIyyMa 10 JOCTIKEHHH 3PENIOCTH.

«Pe3epBupyroTcsa» — 3TO 03HAYaeT, 4YTO OHH HE CIIy>KaT APYTHM LEISIM U
IpeTepreBaoT  3HAYUTEIbHO  MEHBIIE  MUTOTHYECKHUX  JEJICHWH.
[Ipoucxonsmee B HUX HEOOBIYHOE PENYKIMOHHOE JEJICHHE, Ha3bIBaeMOe
Metio30M, SBIAETCS TEM JEJIEHHEM, KOTOPBIM 3aBEpIIACTCS] Pa3BUTHE TaMET Y
3penoit ocobu. DTo AeneHue, Kak MPaBUIIo, IIPOUXOJNT JIMIIH HE3aJ0Jro 10
cuHramun. B Mmeifoze ABOHHONW XpOMOCOMHEI Ha0Op POIUTENHCKON KICTKH
MPOCTO JEJUTCS Ha J[BAa €AMHUYHBIX HAOOpa, KaKObIH M3 KOTOPBHIX HJET B
OJIHY W3 JBYX JOUYEPHHUX KIETOK — camem. JIpyrUMH CIIOBaMH, B MeH0O3€ HE
MPOUCXOJUT MUTOTHYECKOTO YIBOCHHS KOJIMYECTBA XPOMOCOM, KOJIHUYECTBO
UX OCTaeTCs TOCTOSIHHBIM, W, TaKMM 00pa3oM, Kakias ramera IOJydaeT
TOJIb-

’ BUOMOr W3BMHUT MeHs 3a TO, YTO B 3TOM KPaTKOM M3NOXKeHMU 51 He
paccMaTpuBalo cllydasi MO3auKoB, SIBMISIOLWErocsl UCK/YEHNEM.

[peaunrep 2. Uto takoe xu3Hb? Ousnueckuil aCeKT )KUBON KIETKU. —
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KO TIOJIOBUHY, T. €. TOJIBKO OJIHY MOJHYO KOIHIO IH(pPOBATEHOTO KOJA, a
HE JIB€, HAIpUMeED, Y Y€I0BEKa TOJIBKO 24, a He 48. 10

Krnerkn, mMeromue TONBKO OJMH XPOMOCOMHBIH HaOOp, HAa3bIBAIOTCS
eannououvimu (OT TPEUIECKOTO 0T L00G — €MUHCTBEHHBINH). Takum o0pazomM,
TraMeThl TaTUIONIHBI, a OOBIYHBIE KIETKH TeNa Ouniouonsl (OT TPEUECKOTo 01
J0d¢ — nBoWHOM). MHornma Taxke BCTPEYalOTCs HHAWBUIYYMBI C TpeMs,
YETBIPbMSA WJIH, BOO6LI1€ ToBOpsA, ¢ MHOTUMH XPOMOCOMHBIMU Ha6opaM1/1 BO
BCEX KJIETKaX, M OHHM TOT/Ia Ha3bIBAIOTCS TPUILIOUIAMH, TETPAIUIOUAAMY, ... ,
NOAUNTOUOAMU.

B akre cuHramMmu Mmyxckas raMmera (CriepMaTo30HMI) M XKEHCKas ramera
(s1i110), T.e. TAIUIOWAHBIE KIIETKH, COEAMHSIOTCS, 4YTOOBI 00pa3oBaTh
OIUIOIOTBOPEHHYIO  SIHIEKIIETKY, KOTOpas, CIIEAOBATENFHO, JWIUIOWIHA.
OnuH U3 ee XpPOMOCOMHBIX HaOOpOB IPHUXOMUT OT MAaTepH, a APyrod — oOT
oTIA.

®ororpaduu (puc. 5 u 6) HalOT HAM HEKOTOPOE IMPEJCTABICHHE O TOM,
KaK BBITJISIAT XPOMOCOMBI IOJ] MUKPOCKOTIOM. OHH B35ThI U3 KHUTH JIOKTOpa
Hapmunrrona «Paboma c xpo,wocawamu»”

Bocrmonp3oBaBmick puc. 7, sl MOMBITAIOCh JaTh CXEMaTHYECKUH 0030p
TPeX OCHOBHBIX MNPOLECCOB: MHTO3a, MeW03a M CHHTaMHUH y MaJeHbKOH
IIONOBOW MymKkH Drosophila, KOTopass HMeEeT TalUIOMJHOE YHCIIO
XpoMOCOM. JTa MyIIKa Kak OOBEKT OSKCIEPHMEHTHPOBAHHS ChIrpasa
BBIIAIONIYIOCSI POJIb B COBPEMEHHOW TeHeTHKe. YeTelpe pa3nudHbIe
XPOMOCOMBI YCIIOBHO TIIOMEYEHBI DPAa3HBIM IIBETOM: 3€JICHBIM, YEPHBIM,
KpacHBIM M cMHMM. Ha puc. 7a XpoMOCOMHBII HaOOp IUILTOWJHONW KIETKH
yBenudeH. OH CIIy’KUT TOJBKO AJISI MOSCHEHUSI CXEM Ha pHUC. 70-T, KOTOpPbIE
JaHbl B YMCHBIIEHHOM BHIE M 4YHCTO CXeMaTudecku. Paspemmrte MHE
OYHCTUTH CBOIO COBECTH NMPU3HAHHUEM, UTO IPHU OIMMMCAHUU Mmeno3a g, KaK 1 B
NpeAbIAYIIEM CIydac, AOIMYCTUII HEKOTOPLIC YIIPOIIECHUA, KOTOPLIC, OJJHAKO,
JUIsl HAlEH LIeJIU He UMEIOT 3HAaYCHMUS

17. 'antonaHbIe 0COOU

OroBopku TpeOyeT eme OFHO OOCTOATENBCTBO. XOTS OHO MW HE
CYIIECTBEHHO JUIs Halledl 1enu, OJHAaKO [EeUCTBUTEIBHO HHTEPECHO,
MOCKOJIBKY IOKa3bIBAaCT, YTO B KaXKIOM CIHHUYHOM HaOOpe XpOMOCOM
COJZICPXKHUTCSA COBEPIICHHO TMOJHBIA IIM(PPOBATIBHBIA KOJ BCEro «ILIaHa
opra"usma.

1OCM. npuM. Ha cTp 27.

e b Darlington. The Handling of Chromosomes. Allen and Unwin,
1942.

12 B pencrtBMTenbHOCTM Meo3 — He OA4HO AerneHue 6e3 yaBoeHus 4vucna

XpOMOCOM, a ABa MOYTU CNMBAKOLWMXCA AENEeHUs, HO C OAHWUM yaABOeHueM. B
pe3ynbTaTe 06pa3yloTca He ABe ranjouniHble rameTbl, a YeTbipe.

[peaunrep 2. Uto takoe xu3Hb? Ousnueckuil aCeKT )KUBON KIETKU. —
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Puc. 5. ConmmsuBuinecsi NonapHo XpoMocoMbl B
MATEPUHCKHUX KJIETKaX NbLIbLbI IBYX BH/10B

Tradescantia: a — mIecTh map XpPOMOCOM B KIJIETKax, (UKCHPOBAHHBIX H
OKpAIIICHHBIX alleTOPCEMHOM; 6 — [BEHAAUaTh NMap XPOMOCOM B JKHBOM KIETKe,
cdoTtorpadupoBanHoii B yabraduonetroBoM ceere (x 1000)

4 i

Puc. 6. I'osioparonmme XxpoMocoMbl

Puc. 6. Tonoparomue XpoMOCOMBI (IIOJpa3yMEBAETCSd HYKICHHOBOKHCIIOE
TOJIOJjaHNe, IPUMEHAEMOE B IEAX MOTydeHus 6ojee OKpalleHHBIX NPEnapaToB. —
Ilpum. nepes.) B mpIIbLEBEIX 3epHax Fritillaria pudica, momydeHHbIe Bo3meHcTBHEM
xomnona. brienurie rMeHTHI (X 1800)

lpeaunrep 2. Uto Takoe »u3Hb? OUINUECKUI aCTIEKT KUBOM KIETKU. —
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Puc. 7. XpoMocoMBbI B COMaTHYECKHUX KJIETKAX MYIIKH

Drosophila:
@ - YeTelpe Iapbsl T'OMOJIOTHYECKHX XPOMOCOM; O - HOpMalbHOE KIICTOYHOE
neneHue (MHUTO3) AUIUIOWIHOW KIIETKH; 6 - peAyKIMOHHOE JeleHue (Meio3)

IUIJIOUIHON KJIETKM W 0Opa3oBaHHE TAIUIOWAHBIX TaMeT; 2 - OIUIOJOTBOPEHHE
(cunramust). lamyonaHble My’KCKash M JKEHCKasg TaMeThl COCAMHSIOTCSA, YTOOBI
00pa3zoBaTh IUILIOWAHOE OILUIOAOTBOPEHHOE SHIIO.

]

Onaodomeo-
peHHoe
AUYo

B -sen.(1)
W -cus. (2)
C0-&p- (3)

[peaunrep 2. Uto takoe xu3Hb? Ousnueckuil aCeKT )KUBON KIETKU. —
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Puc. 8. YepenoBanue noxoeHuit

Meitoa
(o6pasaoBanue
cnop)

-~ Cnopogur
(aunnoMa)

OnnogoTeope-
HHe

FameTOUT
(ranaouna)

HmeroTcst mpuMepsl Meio3a, KOT/ia OIJIOA0TBOPEHUE OCYIIECTBISIETCS HE
cpady, a CHauaja TalulouaHas KiIeTka (raMeTa) MOABepraercs: OOJBIIOMY
KOJMUYECTBY MHUTOTHYECKUX KJIECTOYHBIX JENEHHH, B pe3yiabTaTe dYero
BO3HUKAET IIeNasi raluion/Hasi 0co0b. DTO HAOIIOAAETCSl y CAMIOB ITYENbl —
TPYTHEH, KOTOpblE pa3BHBAIOTCS MNMAPTEHOTCHETHYECKH, TO €CTh U3
HCOIJIOAOTBOPCHHLIX W IMO3TOMY IallJTIOMJIHBIX AWI] MaTKH. prTCHI) HE UMECT
otua! Bee ki1eTku ero Tena rarionIHsL.

Ecnu xoTuTe, MOXHO Ha3BaTh €ro THUTAHTCKHM CIIEPMAaTO30MAOM; M
JEWCTBUTENILHO, U3BECTHO, YTO (DYHKIIMOHUPOBATH B 3TOM KayeCTBE — €Tro
€IMHCTBEHHAs KM3HEHHas 3a1ada. OHaK0, MOXET OBITh, 3TO HE cepbe3Has
Touka 3peHus. V0o Takoii ciaywail He enuHUYeH. ECTh cemelcTBa pacTeHHH,
7l TAIUIOWAHBIE KIETKH, KOTOphIe 00pa3yloTCsl IPH MEH03€ M Ha3bIBAIOTCS
CIopaMH, MaJaloT Ha 3eMJII0 KaK CEeMEHa M Ppa3BUBAIOTCS B HACTOSINIHE
TaluIONJHbIE PACTEHHS, CPABHUMBIE TI0 pa3Mepy C AUIUIOUAHBIMH.

Ha puc. 8 n3o0pakeHO pacTeHbHIIE MXa, PACIPOCTPAHEHHOTO B HAIINX
Jiecax. HOKpBITaH JIMCTOYKaMH HWXXHAA 4YaCTb —— TallJIOMAHOE PACTCHUE,
Ha3bIBACTCS raMeTO(PHUTOM, MOTOMY 4YTO y HETr0 HABEPXY Pa3BUBAIOTCS
IMOJIOBBIC OpraHbl U IraM€Thl, KOTOPBLIC IMOCJIC OIIIOJOTBOPCHUA ITPOU3BOAAT
OOBIYHOE JUIUIOMIHOE pacTeHHe — TOJbI cTebenek ¢ CEeMEeHHOH
KOpOOOYKO#. DTa yacTh pacTeHUs] HAa3bIBAETCs CIIOPO(UTOM, TaK KakK IIyTeM
Meiio3a OHa MPOM3BOMMUT CIIOPHI, HaxoJsmMecs: B Karcyie. Korma xarcyna
OTKpPBIBAETCS, CIIOPHI MaJar0T Ha 3€MIJII0 M Pa3BUBAIOTCS B OOJIMCTBEHHBIH
crebenb. DTOT MpoIecc METKO Has3BaH «UEpeOBAHUEM ITOKOJICHUI». B
MOXETE, €CIIM XOTHTE, PaccMaTpuBaTh UEIOBEKAa M JKUBOTHBIX C TOH e
Toukn 3peHus. Ho rameromrom 31ech SBISETCS, Kak MpPaBHIO, BECbMa
KOPOTKOXHBYIIIEE OJHOKJIETOYHOE ITOKOJICHHE CIEPMAaTO30M I WIN
stiAtieketka. Harre Teno coorBercTByer cniopodury. Hamum «cmopby — 310
pe3epBHBIE KJIETKH, M3 KOTOpPbIX B TMpolecce Melo3a BO3HUKAET
OJTHOKJIETOYHOE MTOKOJICHHUE.

18. 3HaueHne peTyKIIMOHHOTO JIeJIeHUS

BaxueiM u ﬂGﬁCTBHTeHBHO OIpeACIAIOIINM Cy,HB6y COOBITHEM B
IpoIecce BOCIPONU3BEACHNA HHANBUAYYMa SABJIACTCSA HE OIIJIOAOTBOPE-

[peaunrep 2. Uto takoe xu3Hb? Ousnueckuil aCeKT )KUBON KIETKU. —
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HHe, a Meio3. OauH Habop XpOMOCOM IIPUXOIUT OT OTIA, OAWH — OT
marepu. Hukakas ciyqaliHOCTb He MOXKET ITOMEIIaTh 3TOMY.

Kaxkplil ueroBek [10JIy4aeT POBHO IOJIOBUHY CBOEW HACJIEICTBEHHOCTU
OT MaTepu M TMOJOBHMHY OT oTma. 1o, YTO OJHA JIMHUS KaxkeTcs
npeobnafaromen, OOBSICHSIETCS IPYrMMH MNPUYMHAMH, O KOTOPBIX MBI
MOrOBOpPUM TO3ke (IO caM 1o cebe, KOHEYHO, TOXE MPEeICTaBIsIeT
NPOCTEHIINI TPUMEpP TAKOTO MPeolIaTanus).

Ho ecnu BBI pocienuTe 3a MPOUCXOKICHUEM Balllel HAaceICTBEHHOCTH
BIUIOTH JI0 BAallMX JEIOB M 0abOK, TO NeNo OKakeTcsh MHBIM. Paspermte
o0OpaTHuTh Ballle BHUMaHHWE Ha HAaOOp XpPOMOCOM, NPHIICANIMX KO MHE OT
0TIIa, B YACTHOCTH HA OJIHY U3 HUX, CKaXkeM, Ha xpomocomy Ne5. Jrto Oynmet
TOYHAsl KOMHS WM TOH XpOMOCOMBI Ne 5, KOTOpYr0 MOW OTell MOy4Ws OT
CBOETO OTIIa, MM TOW, KOTOPYIO OH MOIYy4YHJ OT CBOeH Matepu. Mcxon nena
Oopu1 pemen (c BeposTHOCTRIO 50 k 50) B Meiio3e, mpoucmiennieM B
OpraHu3Me MOero oTua B HosiO0pe 1886 T. 1 mpom3BemeM TOT CIepMaTo30H1/I,
KOTOPBIH HEMHOTHIMU JTHSIMU TTO3KE€ OKa3aJICsl IPUYMHOI MOETO 3apOXKICHUSL.

Touno Ta e wucTopus Morna Obl OBITH MOBTOPEHA OTHOCHUTEIHHO
xpomocoM Nel, 2, 3, ..., 24 Moero OTIIOBCKOTO Ha6opa14 u mutatis mutandis
OTHOCHTEJIFHO KaK/I0H U3 MOMX MaT€pPUHCKHX XPOMOCOM.

Bonee Ttoro, Bce 48  pe3ynbTaTOB  SBIAIOTCA ~ COBEPLIEHHO
He3aBUCHMBIME . Jlake ecnu Obl ObLIO W3BECTHO, YTO MOS OTLOBCKAS
xpomocoma Ne5 mpumma ot moero nema Mozeda Illpenmrrepa, T0 y
XpoMocoMbI Ne7 ere ocTaBalvch Obl paBHBIC IIAHCH IPOU30HTH OT HETO Ke,
WM OT ero keHbl Mapuu, ypoxxaeHHoi boruep.

19. Kpoccunrosep. Jlokaau3auusi CBOMCTB

Ho ponp cimyuaitHoOCTH B CMEIMICHWH MEAYIIKHHOW © 0aOyIIKWHON
HaCJIeICTBEHHOCTH Y ITIOTOMKOB €lle OOJIbIIe, YeM 3TO MOXKET IOKa3aThCs U3
MpeIbIIYIIEr0 OMHUCaHMs, KOrJa MOJYaluBO MPEANOoaaraloch WIH Jaxe
IPSAMO YTBEPKAAIOCH, YTO ONPENEIECHHBIE XPOMOCOMBI MPUIIIH KaK LEN0e
Wil oT 0abymky, WiIn OT HAEAyIIKH, IPYTUMH CJIOBaMH, EAWHHYHbIC
XPOMOCOMBI TPHUIIIM HEpa3[eleHHbBIMH. B IeHCTBUTEIBHOCTH 3TO HE TaK
WK He Bceraa Tak. Ilepen Tem, kak pa3oMTHCH NPH peAYyKIIMOHHOM JAEJICHUH,
CKaXkKeM, IPH TOM, KOTOpPOe MPOUCXOAUIO B OTLIOBCKOM OpraHHM3Me, KaXKIble
JIBE «T'OMOJIOTHYHBIE» XPOMOCOMBI COJIM)KAIOTCS W HMHOTAa OOMEHHBAIOTCS
3HAYM-

" Bo Besikom cryuae Kaxaas keHwmHa. YTo6bl n36exatb MHOFOCIOBNS, 5
MCKITIOYN 13 3TOro 063opa Ype3sBblyaiHO MHTepecHY o6nacTb onpeaeneHns

rnona v CuUEernIeHHbIX C TMOJIOM TMpu3HaKoB (HanpuMmep, TaK Ha3blBaeMmas
LBeTOBas csenoTa).

CM. NpuM. Ha cTp. 27.
15CM. npuM. Ha cTp. 27.
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TEJIbHBIMU CBOMMH YacCTSIMH TakuM 00pa3oM, Kak 53TO IOKa3aHo Ha puc. 9. Ha
MukpogoTorpadun (puc. 10) BUIHO 3TO TECHOE COMIKEHIE XPOMOCOM.

Puc. 9. Kpoccunrosep. /IBe roM0JI0rH4HBIX XOPOMOCOMBI B
KOHTAaKTe (cJeBa), mocjie 00MeHa M pa3jejieHust (CIpaBa)

1 1 . 1
) %
1 1 1 1

Puc. 10. /iBenagnatp nap cO1M3MBIINXCS XPOMOCOM B
MaTepuHCKHUX KJaeTkax nblibibl Fritillaria chitralensis.

Toukn TmepeceueHHs TIETENb IOKa3bIBAlOT MECTa KPOCCHHIOBEpa MEXKIY
napTHepamu (x 1600)

B PE3YyJIbTAaTE TAKOI'O IIPOLECCa, HAa3bIBAEMOI'O KPOCCUH2COBEPOM (nepe-
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KpPECTOM), /IBa CBOMCTBA, PACIIOJOXEHHBIE B COOTBETCTBYIOIIMX YaCTSIX
9TOI XPOMOCOMBI, OYAyT pa3ieieHbl, U BHyK OKa)KETCS TOX0XXHUM OJIHHM M3
CBOWX CBOICTB Ha JEIyIIKY, a IPyTUM Ha 6a6ym1<yl(’

SIBneHne KpOCCHHIOBepa, OyIydd HE CIMIIKOM pEIKUM, HO U HE
CIIMIIIKOM YacThIM, OOECHeYHBacT HAC LEHHeWmer wuHpopMmarmeidn o
pacrojyoKeHUn CBOWCTB B XpoMocoMax. YToObl paccMOTpPETh BOHPOC
IMOJHOCTBIO, Mbl IOJIKHBI HUCIIOJIB30BATH HEKOTOPBLIC IMOHATHA, O KOTOPBIX
OymeT  pacckazaHO TOJILKO B cleAyiolieil  riaBe  (Hampumep,
TeTePO3UIOTHOCTh, IOMUHAHTHOCTh U T.[.), HO TaK Kak 3TO yBeJio Obl HaC 3a
Tpe/ieNbl 3TOW MaJICHBKOW KHHTH, pa3pelnTe MHE IPOCTO yKazaTh Ha caMoe
Ba)KHOE.

Ecimm 6b1 He OBIIO KPOCCHHIOBEpa, TO [Ba NPHU3HAKA, 3a KOTOpHIC
OTBETCTBEHHA OJIHA W Ta JK€ XPOMOCOMA, IIPUXOIMIN OBl K TIOTOMKY BCETZa
BMeCTe, M HM OIHA 0cO0b HE MOTJIa OBl NMOJYYNTH OJWH W3 HUX, HE TIOIyYHB
gpyroro. JIBa Ke CBOIcTBa, OIpenensieMble JBYMS  pa3IHYHBIMU
XpoMocoMamH, 00 uMenH Ob BeposTHOCTH 50:50 okazaThCs OTAEICHHBIMU
Ipyr OT Ipyra, du00 BCEerAa pacXONWINCh Obl B IOTOMCTBE K pPa3HBIM
0co0sIM, @ IMEHHO TOTJ]a, KOT/Ia 3T CBOWCTBA PACIOJIOKEHBI y TMpeAKa B
TOMOJIOTHYHBIX XPOMOCOMaX, KOTOPBIE BO BpeMsl Meiio3a BCeraa pacxosTesl.

OTH MpaBujIa ¥ OTHOLICHHS HAPYIIAIOTCS KPOCCHHTOBEPOM, BEPOSTHOCTD
KOTOPOTO MOJKET OBITh YCTaHOBJEHA TIIATEIbHBIM PErUCTPUPOBAHUEM
pa3NuYHBIX KOMOWHALMKA TPH3HAKOB Yy IOTOMCTBA B OKCIIEPUMEHTaX IIO0
CKPEIIMBAHUIO, TIOCTABIEHHBIX HAIeXamuM o0pa3oM. AHaIM3HUPYs
pe3yibTaThl TAaKUX CKPEIIMBaHWH, MPUHUMAIOT YOEAWTENbHYIO pabodyio
THIIOTE3y, YTO «CLECIUICHHE» IBYX CBOMCTB, PAcCIIOJIOKEHHBIX B OIHOM
XpOMOCOME, TEM pEKE HapyIIaeTcsi KPOCCHHTOBEPOM, 4YeM OIMKe 3TH
CBOICTBa JIeaT OJHO K APYromy, MO0 TOTJa MEHEe BEpPOSATHO, YTO JIMHUS
pa3psiBa HPOHAET MEXKAYy HHUMH, a CBOWCTBA, PACIIOJIOKEHHBIE OIMKE K
IIPOTUBOIIOJIOKHBIM KOHIAM XPOMOCOMEI, 6y}1yT pa3acIATbCA MPU KaXIOM
kpoccunroeepe. (To ke camMoe NPUMEHHMMO U K OOBEIMHEHUIO B OJIHOM
XpOMOCOME JBYX CBOMCTB (IIPU3HAKOB), PpACHOJOXXEHHBIX paHee B
TOMOJIOTHYHBIX XpPOMOCOMax OJHOTO M TOTO e npenka.) Takum oOpazoM, Ha
OCHOBE «CTAaTHCTHKH CLEIICHUS» MOKHO COCTaBHTh CBOETO POJa «KapThl
MPU3HAKOBY» BHYTPH KaXKJJOH XPOMOCOMBI.

'°ABTOp BbIPaX@ETCA HETOUHO, FOBOPS O PACMONOXEHWM B XPOMOCOME
«CBOWCTB» WK «MNPU3HAKOB>». Kak OH cam panee YKa3blBa€T, B XpoMoCcoMe
pacnosioXXeHbl He CaMu CBOWUCTBaA, a JiMWb oOnpeaeneHHble MaTepualibHble
CTPYKTYpbl (reHbl), pasnuuma B KOTOPbIX MNPMBOAAT K BUAOWU3MEHEHUSIM
onpeaeneHHbIxX CBOWCTB BCEro opraHmsMma B LEJSIOM. OTO HaAo MOCTOSAHHO

nMeTb B Buay, ubo LpeanHrep Bce BpeMs MOMb3yeTCs C/IOBOM «CBOWCTBa».
— [lpum. nepes.
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TimarensHble HccneoBaHus (TIaBHBIM 00pa3oM xpoMmocoM y Drosophila,
XOTS M HE TOJBKO Yy Hee) I[I0Ka3ald, YTO HW3y4YeHHbIE NPHU3HAKU
JEWCTBUTENPHO DPACHAalOTCsl HAa TAaKOE KOJIMYECTBO OTAEIbHBIX TpYII,
MEKIy KOTOPBIMH HET CLEIUICHHS, CKOJIBKO MMEETCS XpOMOCOM (UEThIpe y
Drosophila). B mnpemenax KaXOOW TPYNIBEI MOXXHO COCTAaBUTh KapTy
MPU3HAKOB, KOJIMYECTBEHHO BBIPAKAIOIIYI0 CTENECHb CIEIUICHUS MEXIy
KaXI0HM mapol MPU3HAKOB 3TON IPYIIIEL, IIOATOMY HE MOKET OBITh 0O0IBIINX
COMHEHHH, YTO OHHU JIEHCTBUTENBHO PACIIOJIOKEHBI B XPOMOCOME M HMPUTOM
JUHEHHO, KaKk 3TO MOXXHO OXHJIaTh, paccMaTpuBas XpOMOCOMY
Naro04Ko00pa3Hoil GopMmel.

KoneuHo, cxema HacJeICTBEHHOIO MEXaHH3Ma, KaK OHA OIMCaHa 3]1ECh,
eme OecuBeTHa M cjerka HawBHa. 00 MBI HE CKa3ajiM, 4YTO CIIEAYET
NoJpa3yMeBaTh 110/ INpPU3HAKOM. Paccekarh Ha IUCKPETHBIE «IPU3HAKN)
OpTraHM3M, KOTOPBIH  SIBISIETCSI B CYIIHOCTH €OUHBIM  «IIEJBIM»,
MIPEACTABISAETCS. HETIPABUIEHBIM W HEBO3MOXHBIM. B I€HCTBUTENEHOCTH MBI
TOJBKO YTBEP)KAAEM B Ka)KIOM OTJCIBHOM Cilydae, YTO I1apa IpeIKOB
pas3nuyaeTcs B ONPEAEIEHHOM, XOPOIIO BBIPaKEHHOM OTHOLICHUH (CKaXKeM,
OJMH MMEIl rolyOble IJa3a, a JIpyrod — KapHue) W 4TO IOTOMOK CXOJEH B
3TOM OTHOLICHUH WJIM C OJHHM, WIH C APYTUM IpeakoM. B xpomocome xe
MBIl JIOKaNW3yeM MecTo 3Toro pasiauuus. (Mbl HazplBaeM 3TO MECTO
«IOKYCOM» WJIM, €CJIM Mbl JyMaeM O THUIIOTETUYECKOH MaTepualibHON
CTPYKTYpe, KoTopass oOpa3dyeT ero ocHOBY — ecexom.) Ha Mo# B3rsa,
OCHOBHBIM TIPEJICTABICHHEM CIYXXHT CKOpee pasindhe NpPU3HAKOB, 4YeM
NpU3HAaK caM M0 cebe, HECMOTpsI Ha KaXKyIleecsl CIOBECHOE M JIOTHYECKOe
NPOTUBOPEYHE STOTO YTBEpXIeHHs. Pazinune NMpHU3HAKOB AEHCTBUTENHEHO
JMICKPETHO. DTO BBIIBUTCS B CIEAYIOIICH I1aBe, KOraa MbI Oy/1eM TOBOPUTH O
MyTallMsAX W KOTJa IIPEACTAaBIICHHAs BBIIIE CyXas CXeMa, s HaJeroch,
MIPHOOPETET U JKU3Hb, M KPACKH.

20. MakcuMaJIbHBIN pa3Mep reHa

MBI TOJBKO UTO BBEJIU TCPMUH ceH IJIA TUITOTETHYCCKOI'O MaTE€pUajIbHOTO
HOCHTENSl ONpE/IENIeHHOW HacieAcTBeHHOW ocobeHHoctu. [loguepkHem
Terephb JiBa MOMEHTA, KOTOpbIE OyIyT UMETh OOJBIIOE 3HAYEHHE JJISl HAIIIETO
uccinenoBanud. IlepBblii MOMEHT — pasMep, WIM, Jydlle cKa3aTb,
MaKCHUMAJIBHBI pa3Mep 3TOr0 HOCHUTENS; NPYTHMMH CIIOBaMH, 1O CKOJb
MaJIOTO pa3Mepa MBI MOXKEM IPOCIEIUTH JIOKAJIM3ALMIO HAaCIEeICTBEHHBIX
noTeHIMA. BTopoil MOMEHT — yCTOWYMBOCTH T€HA. DTO MPEAIOIIOKESHHE
BBITEKAET U3 MOCTOSIHCTBA «HACIIEJCTBEHHOTO INIaHa.

Pa3mep reHa ompeneneH AByMsl COBEPIIEHHO HE3aBUCHMBIMH CIIOCOOaMHU.
OpuH OCHOBAH HAa TEHETHYECKUX JAHHBIX (IKCIIEPUMEHTHI IO CKpEeLIHBa-
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HHUIO), Jpyrodi — Ha  IUTOJIOTMYECKMX  JaHHBIX  (IpsMoe
MHKpOCKonuueckoe HaOmoneHue). [lepBelii  crmoco® NPUHIUNNAIBHO
JOCTaTOYHO MPOCT. YCTAHOBUB pAacHOJIOKEHWE Pa3IWYHBIX IPH3HAKOB
(6ompmoro Macmra®ba) BHYTPH ONPEACICHHOW XPOMOCOMBI (CKaXeM, Y
Mymika Drosophila), Mbl, 9TOOBI ONPEAETUTh pa3Mep IeHa, JOJDKHBI TOIBKO
pas3ieNuTh IIMHY 3TOH XpOMOCOMBI Ha KOJIMYECTBO NpH3HaKoB. KoHeuHo,
MBI pacCMaTpUBacM B KadeCTBE OTHAEJBHBIX INPHU3HAKOB TOJBKO TakKHe,
KOTOpBIE M3pENKa pAa3[esIoTCs KPOCCUHIOBEPOM M HE MOTYT OBITH
00yCIJIOBJIEHbI OJHOW M TOW ke (MUKPOCKOINMYECKOW WM MOJIEKYJISIPHOM )
cTpyKkTypoil. COBEpILIEHHO SICHO, YTO IIPH HAllleM pacueTe MbI ONPEIelM
TOJIBKO MaKCHUMaJIbHBIN pasM€p HOCHUTECIIA, IMOTOMY 4YTO KOJUYCCTBO
NPU3HAKOB, M30JIMPOBAaHHBIX TPH TIEHETHYECKOM  aHajm3e, Oyner
HETpephIBHO BO3PACTaTh M0 MEpEe TOTO, Kak paboTa OyAeT MpoIoKaThCs.

Jpyras omenka pa3Mepa TeHa, XOTS W  OCHOBaHHasT  Ha
MHUKPOCKOIINYECKOM HaONIOJCHUH, B JEHCTBHTEIHHOCTH SBIISIETCS TOPaszio
MeHee mnpsMoi. OmpexneneHHble KineTku Drosophila (AMEHHO KIETKH
CJIIOHHBIX K€JIe3) MHOT0/1a OKa3bIBAIOTCS IO KAKUM-TO MPHYMHAM TUTAHTCKU
YBEIMUYEHHBIMH; 3TO KacaeTcs M MX XPOMOCOM. B HHX MOXXHO pas3iH4HuTh
TIOTIepEeYHbIe TEMHBIE TIOJIOCKH, Iepecekaromue HUTh (puc. 11). apmuarron
MOJAMETHII, YTO YHCI0 3THX Moyiocok (2000 B paccMaTpuBaeMoM cliydae),
XOTsd U 3aMCTHO 60.]'[])]_[16, HO TOT'O K€ CaMOTI'o IopsAjKa, 4YTO U YHCJIO T'€HOB,
JIOKaJIN30BaHHBIX B TOM Ke XpOMOCOME M OIPCACICHHBIX Ha OCHOBaHUH
9KCIIEPUMEHTOB O CKpemBanuio. OH CKIOHEH paccMaTpUBaTh 3TH MOJIOCKU
KaK JIeHCTBUTENbHBIE TeHBI (MM TPaHULBl MEeXy TeHamu). Paznenus mimHy
XPOMOCOMBI B HOPMAJILHOTO pa3Mepa KieTke Ha uucio nonocok (2000), on
ompezienun 00BbEM IeHa paBHBIM KyOy co cropoHoif B 300 A. YuuTwBas
rpy0OCTh pacyeToB, MOKHO CUMTaTh, YTO TAaKOW JXK€ pa3Mep HMen TIeH,
OTIpEJICTICHHBIH IEPBBIM METOIOM.

21. MaJjpble 4ucJia

[TonpoOHOE 0OCyXaeHHe TOro, KaKoe OTHOIIIEHWE UMEET CTaTUCTHUYECKast
(m3rKa KO BCeM HM3JIOKEHHBIM (hakTam, mocienyeT mosxe. Ho paspemmre
MHE MPHBIICYb Ballle BHUMAaHUE celdyac K TOMY 0OCTOSTENbCTBY, 9To 300 A
— 3T0 Tosbko 0K0J0 100 miau 150 aTOMHBIX paccTOSHUM B KUAKOCTU WU
TBEPJIOM TelIe, TaK YTO T€H, HECOMHEHHO, COIEPKUT HE O0JIee MIJUTHOHA WITH
HECKOJPKUX MIJUTHOHOB aTOMOB. COTJIACHO CTaTHCTHUYECKOW (pH3HKe, a 3TO
3HAYHT, COTIACHO (hr3HMKe BOOOIIE, TAKOE YUCIO CIHIIKOM Majio (C TOYKH
3peHnst 3aKkoHa 1), 4TOOBI OOYCIOBHTH YIOPSIOYCHHOE H 3aKOHOMEPHOE
noBegenne. OHO OBLIO OBI CIMIIKOM MAJo, JaKe €CIH OBl BCE DTH aTOMBI
6I)IJ'[I/I COBepH_IeHHO OAWHAKOBBIMH, KaK B I'a3€ WK B KaIlJIC )KUAKOCTH, a I'CH,
HECOMHEHHO,
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Puc. 11. Ilokosineecs siApo KJIETKU CJIAOHHOM KeJIe3bl
mymkn Drosophila melanogaster.

[eHbl MpoWwaM BOCEMb UWK/IOB YABOEHWUS; BWAHA CepuUs MOMepeyHbIX
MOJIOCOK, U3 KOTOPbIX Kaxaas coaepXuTt 256 reHoB. KpynHble reHbl — 6onee
TeMHble nonocku (x 1500)

HE SBIAETCS TOMOTeHHOH Karutelt skuakoctd. OH, BeposTHO,
TIpeACTaBIseT coO0i OONMBIIYI0 OCNKOBYIO MOJEKYNy, TA€ KaKAbIA aToM,
KOKIbIM  paguKal, KaXIO€  TIeTEpOLMKINYECKOE  KOJIBLIO  HUIpaer
WHAWBHUIYAIbHYIO pOJb, OOJiee WIM MEHee OTIMYHYI0 OT POJIH JFOOBIX
CXOIHBIX aTOMOB, PaJUKalIOB WJIM T€TEPOLUKINYECKHX Koneu”. 910 BO
BCSIKOM CJlyyae TOYKa 3pEHMsI TaKMX BEAYLIMX I'€HETUKOB HAIero BPEMEHH,
kak XoJaelH u J{apIuHTTOH, U MBI

B HacTosillee BpeMsi YCTAQHOB/IEHO, 4YTO OCHOBY reHa, C KOTOpOW
nponcxoauT CYUTbiBaHue MHCbOpMaLI,VIVI, COCTaBNseT He b6enkoBas MoJieKkyna,
a MosieKyna Ae30KCMpuboHyKnenHoBon kucioTel (AHK) n nHanBMAYyanbHOCTb
ee onpenensieTcsa nocnenoBaTelbHOCTbIO 4eTbipeX O6enKoBbIX OCHOBaHUN,

pacrofioXKeHHbIX MOMapHo: aAeHUH—TUMUH, TYaHWH— UWTO3WH. — [Ipum.
nepes.
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JOJIKHBI 6yZ[€M 06paTI/ITBC$I K YAUBUTCIbHBIM TCHCTUYCCKHUM
OKCIICPUMECHTAM, KOTOPBIC IMOYTHU AOKA3bIBAIOT 3TO.

22. [TocToAHCTBO

PaccMmoTpuM Teneps BTOpOH BecbMa Ba)KHbIM BOIIPOC: KaKyO CTEIECHb
MOCTOSAHCTBA MBI Ha6n}ouaeM Y HaCJICACTBCHHBIX IPU3HAKOB W YTO MBI
MO3TOMY JIOJIKHBEI IIPUITMCATh TEM MATEPUAIIbHBIM CTPYKTYpaM, KOTOpPbIE UX
HECYT.

OTBeT Ha 3TOT BOIPOC MOXKET OBITH J1aH 0e3 KaKoro-Juoo CrenuanbHOro
uccienoBanusl. Pa3 Mbl TOBOpUM O HACIIEACTBEHHBIX OCOOCHHOCTSX, 3HAUUT
MBIl TIPH3HAaEM JTO IIOCTOSHCTBO MOYTH aOCOJIIOTHBIM. MBI HE IOJKHBI
3a0bIBaTh, YTO OT POAUTEISI K PeOCHKY IepenaeTcss He TONBKO Ta MM WHas
0COOCHHOCTH: OPJMHBIH HOC, KOPOTKHE MaJBIBI, IPEIPACIIONIOKEHHE K
peBMaTH3My, reModmIus, AUXpoMasus U T.I. Takue 0coOeHHOCTH ymOoOHO
BBIWICHATh JUIA  W3Y4YCHHs] 3aKOHOB  HacleAcTBeHHocTn. Ho B
JEWCTBUTENPHOCTH U3 TMOKOJIEHHS B ITOKOJICHHE, 0€3 3aMETHOTO U3MEHEHHUS B
TEUEHHE CTOJETUM — XOTS U HE B TeUYEHHE JCCATKOB ThICAY JIET —
nepeaaeTcss Bech (YETHIPEXMEPHBIN) IWIaH — @enomun, BCS BUAUMAS U
siBHasI NpupoAa MHAuBUAyyMma. IIpu 3TOM B KaKIOM IIOKOJICHUU Iiepefada
OCYIIECTBIISIETCS MaTepUabHOM CTPYKTYpOoH sJep TeX JABYX KIETOK,
KOTOpPBIE COEAUHSIOTCS IpHU OIIOA0TBOpeHHu. J10 — uyzao! Mmeercs eme
TOJIBKO OJHO OOJbllIee Yylo, XOTS W CBS3aHHOE TECHO C IEPBHIM, HO
OTHOCSIIIEECs YK€ K Apyroil cdepe. S nmero B BUAY TOT (aKT, YTO MBI, Ube
CYIIIECTBOBAHUE IIEJTMKOM OCHOBAaHO Ha YAWBUTEIHBHONH HUIPE MMEHHO 3TOTO
MeXaHW3Ma HacJeJCTBEHHOCTH, BCE K€ 00JIafaeM CIIOCOOHOCTBIO Y3HATH O
HEM TaK MHOro. MHe NpelcTaBiseTcsd, YTO B OTHOIICHWH MEPBOrO Uyza
Hallli 3HaHUSA MOTYT JIOWTH €llBa JHM HE A0 IMOJHOTo HMOHMMaHus. Bropoe,
BO3MO’KHO, BOOOIIIE JIEXKUT 32 IPEIENIaMH Y€JI0OBEIECKOTO TIO3HAHUS.
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1. Myrauuu
Und was in schwankender Erscheinung schwebt, Befestiget mit
dauernden Gedanken.
Goethe'

23. «Ckauko00pa3Hbie» MyTallMU — M0JIe
NefiCTBUA €CTECTBEHHOI0 0TOOpAa

OcHoBHbIE ~ (aKTBl, KOTOpPBIE MBI TOJBKO YTO BBIABHHYJIM B
JIOKa3aTeJIbCTBO YCTOMYMBOCTH, TIPUITUCHIBAEMON T€HHOW CTPYKTYpE, MOXKET
OBITH, XOPOIIO U3BECTHBI, U HE TIOKaXKYTCS HaM OdeHb yOenutenbHbIMH. Ho
Ha DOTOT pa3 IOrOBOPKA, YTO WCKIIOYCHHS IIOATBEP)KIAIOT IIPaBHIIO,
JeWcTBUTENBHO BepHa. Ecii ObI He OBUTO MCKIIIOUCHHH B CXOJCTBE MEXIY
JETbMH W POAMTENSIMHM, Mbl ObUIM OBl JIMIICHBI HE TONBKO IPEKPACHBIX
9KCTIIEPUMEHTOB, OTKpPBIBIIMX HAaM MEXaHM3M HAcJECICTBEHHOCTH, HO U
TPaHIMO3HOTO 3KCIICPUMEHTa IIPUPOJBI, KYIOLIETO BUABI B Ipolecce
€CTECTBEHHOT'0 0TOOpa HanboJee MPUCIOCOOICHHBIX.

PaspemnTe MHE B3STh IOCIEAHION BAXHYIO NpOOJIEMY OTIPaBHBIM
MYHKTOM JJIS TOTO, YTOOBI HPEACTABUTh OTHOCSIIMECS CIOAa (PaKThI, OIMATh
K€ C I3BUHEHNEM W HallOMHHAHUEM, YTO sl He OHOJIOT.

Kak ™Mbl Temepp 3Haem, JlapBuH ommbaincs, Korja CYWTal, 4TO
MarepuaioM, Ha OCHOBE KOTOPOTO JI€HCTBYeT €CTECTBEHHBIH OTOOp,
SIBIIIIOTCSL HEOOJBIINE HETPEPHIBHBIE, CITydaiiHble NW3MEHEHHs, 0053aTeNbHO
BCTpeYaloIyecs 1ake B HanOosIee OAHOPOJHOM MOMYJIAINH, KOO JTOKa3aHo,
YTO 3TH W3MEHEHMS HE HacIeOyIoTca. DTOT (DaKT JOCTATOYHO BaXKEH, YTOOBI
€ro KpaTKO MPOMJUIIOCTPUPOBATh. Ecu BBl BO3bMETE YHCTOCOPTHBIN SIMEHb
U M3MepuTe y KaKJIOro Kojoca JUIMHY OCTEeH, a 3aTeM IOJIydeHHbIH
pe3ynbTaT MpeNCTaBUTE TIpaduuecku, TO MOIYYUTE KOJIOKOJI000pa3HyIo
kpuByto. Ha puc. 12 Ha ocu opAMHAT yKa3aHO KOJHWYECTBO KOJOCBEB C
OMpeneeHHON JJTMHON OCTel, a Ha ocu abcuucc — jiuHa octeld. Kak
BUJIHO, NIpeo0ialaeT M3BECTHAS CPEAHS IJIMHA OCTEeH, a OTKIOHEHHE B TY
WIM JAPYTYI0 CTOPOHY HaOirojaercsi ¢ ompezaeieHHoil udactorod. Temepn
BBIOEpHUTE TpYIIy KOJOCHEB, OOO3HAUCHHYIO Ha PHCYHKE KpPacHBIM, C
OCTSIMH, 3aMETHO MPEBOCXOAAIIMMH CpPEIHIOI JIMHY, HO TpYIIy
JOCTaTOYHO MHOTOUYHCIICHHYIO, YTOOBI

! n TO, YTO HOCUTCA B TYMaHHbIX O4YEPTAHUAX, 3aKPENIAETCA B MPOYHbIX
Mblicnax. — lere.
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IIpU TIOCEBE B TIOJIE OHA Jlayla HOBBIM yposkail. IIponenbiBas 1momoOHbIH
ombIT, JlapBUH OXymanm ObI, YTO JJIi HOBOTO YpOXKash KpPHBAs CIBHHETCS
BIIpaBo. JIpyruMu CIIOBaMH, OH OXHZal OBI, 9TO B pe3yibrare oTOopa
YBEJIMIHATCS YHUCIO KOJOCHEB CO CpemHEH IUTHHOW ocTei. OgHAKO 3TOTO HE
CIIYUUTCS, €CIH HWCIOIb30BaTh NCHCTBUTENFHO YHUCTOCOPTHBIA SYMEHb.
HoBast craTmctudeckass KpuBas, NOJTy4YEeHHas [UISI OTOOPAaHHOTO YpoKas,
Oyner momoOHa MepBOH, M TO K€ caMO€ MPOM3OWIET, €CIU s IoceBa
0TOOPATH KOJIOCHS C OYEHb KOPOTKHMH OCTSIMH.

Puc. 12. CraTucTuKa JJIMHBI OCTEH YUCTOCOPTHOIO SIYMEHSI.

YepHas rpymmna J0/bKHA ObITh 0TOOpaHa i oceBa (JaHHBIC TO00paHbI
TOJIBKO JUIS WILTIOCTPALIH )
A ——

4
—-

OT00p He JaeT pe3yapTara, IOTOMY YTO Majble, HEIIPEPHIBHBIC Pa3INIHs
He Hacienyroorcs. OHHM, OYCBHIHO, HE OOYCJIOBJIEHBI CTPOCHHUEM
HaCJIEICTBEHHOTO BellecTBa, OHM ciydaiiHbl. Ho okomno 40 ner Hazaf
romnafgaeny, ae @Opu3 OTKPBUL, YTO B IOTOMCTBE JakK€ COBEPIICHHO
YUCTOCOPTHBIX JIMHUN TOSBISAETCS OYEHb HEOOJBIIOE HYHCIO Oco0e —
CKaXeM, JBE WM TPH Ha JECATKH ThICSd — C HEOONBIINMH, HO
CKaYKO0Opa3HBIMH M3MEHEHHUSAMHU. BBIpaxeHne ckaukoobpasHsie 03HAYAET B
STOM CiIy4ae He TO, YTO M3MEHEHHUS OYeHb 3HAYUTEIBHBI, a TONBKO (akT
MPEPBIBUCTOCTH, TaK KaK MEXIY HEH3MEHEHHBIMH OCOOSMH W HEMHOTUMH
M3MEHEHHBIMU HET MPOMEeXyTOouHbIX (opMm. [le dpu3 HazBan 3T0 Mymayuetl.
3mech CyIIECTBEHHA HMEHHO MPEPBIBUCTOCTh. (DHU3HMKY OHA HAIIOMUHAET
KBaHTOBYIO TCOPHI0O — TaM TOXKE€ HE HAONI0JAeTCsA MPOMEKYTOUHBIX
CTYIICHEW MEXIY ABYMS COCCIHUMH SHEPreTUYCCKUMH YPOBHSIMH aTOMa.
Oum3uk ObUT OBl CKJIOHCH MYTAlMOHHYI0 Teopuio jae Ppusa durypaibHO
Ha3BaTh KBAaHTOBOW Teopueil Owmonormm. [lo3zke MBI yBHOWM, HYTO 3TO
3HAYHUTENEHO 0OJbIIe, YeM (UryparbHOE BRIpa-
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skeHHe. CBOMM IPOMCXOXKIEHHEM MYTalMd JEHCTBUTENBHO 00s3aHbI
«KBaHTOBBIM CKayKaM» B I'€HHOH Moiiekyine. Ho kBaHTOBOW Teopuu ObLIO
TOJBKO JBa rojia OT poidy, korma ne dpu3 BrepBble OMyOIMKOBAJ CBOE
otkpeitue (B 1902 1). HeyauBuTensHO, 9TO MOTPeOOBANACH KU3HB ILIEIOTO
NIOKOJICHHS1, YTOOBI YCTAaHOBHTH TECHYIO CBA3b MEXTY HUMH!

24. OHHU el CTBUTEIBbHO PA3MHOKAKTCH, TO €CTh
OHHU MOJIHOCTBIO HACJIEAYIOTCH

MyTamu HacleAyrTcss TaK JK€ XOpOIlo, KaK IepBOHAYajJbHbIE
HEU3MEHEHHble Ipu3Haku. Hanpumep, B 1nepBoM ypokae S4UMEHs,
PacCMOTPEHHOM BBIIIIE, MOIJIO OKa3aThCsl HECKONBKO KOJOCHEB C Pa3MeEpPOM
OCTel, JaeKo BBIXOIINM 3a MPEeAeibl H3MEHUUBOCTH, CKaXKeM, COBCEM 0e3
ocreii (cM. puc. 12). OHM MOTJIM NPEACTABIATH Ae(PU3OBCKYIO MYTAIHIO U
CTaH OBl IOATOMY Pa3MHOXKAThCSl, TO €CTh BCE MX MIOTOMKH OBUIH OBI TaKXKe
0e3 ocreil.

CrienoBaTenbHO, ¢ ONHOM CTOPOHBI, MyTalusl ONpPEICICHHO SABISIETCS
U3MEHEHHEM B HACJIEACTBEHHOM Oara)ke M 00yCIaBIMBAcTCA KaKHM-TO
W3MEHEHHEM HAaCJIEACTBECHHOW cyOcraHmuu. B camom nene, GOJBIIMHCTBO
BaXXHBIX OJKCIIEPUMCHTOB, OTKPBIBHIMX HaM MEXaHU3M HACJICIACTBEHHOCTH,
COCTOSJIO B TIIATENBHOM aHaJW3€ IOTOMCTBA, IOJIYYEHHOTO IIyTeM
CKpCIIUBaHNUA MYTHUPOBABIINX (a BO MHOTHX CJIy4dasX OaX€ MHOKCCTBCHHO
MYTHPOBABILINX) WHAWBUAYYMOB C HeMyTHpoBaBIMMHU. C Npyroi CTOPOHEL,
Onmarozapst CBOWCTBY JEHCTBHTENIFHO I€peaBaThbcs MOTOMKAaM, MYyTallHH
CIIy)KaT TaKKe ITOAXOMAIIMM MaTepHalioM M ISl €CTECTBEHHOIO OTOOpa,
KOTOPBIH MOXKET paboTaTh HaJ HUIMH M MPOU3BOIUTH BUABL, KaK 3TO OIHCAHO
JlapBHHOM, 3NUMHHHUPYS HENPUCIIOCOONIEHHBIX M COXpaHss HanOoiee
nprcrnocodaeHHpXx. HeoOXoanMo TONBKO B TapBHHOBCKOM TEOPHUH €ro
«HeOOoIbIINE CITyyaliHble U3MEHEHUS 3aMCHUTHh MYyTalMsAMHU (COBCEM Kak B
KBAaHTOBOH TEOPHH «KBAHTOBEHIM MEPEXOa» 3aMEHSET COOON «HeTpephIBHOE
U3MEHEHHE JHeprum»). Bo Bcex apyrux oTHomeHusX B Teopun [lapBuHa
OKa3aJIuChb HeO6XO}II/IMLIMI/I JIMIIIb OYCHb He6OJ'II)IHI/Ie HU3MCHCHHs, BO BCAKOM
clydae, €CiIM s [pPaBWIbHO IOHMMAal TOYKY 3pEHHs, KOTOpOit
NPUIEPKUBAETCS OOJIBITHCTBO GHONOTOB".

LLnpoko obcyxaancs BOMPOC O TOM, He MOMOraeT JIn eCTECTBEHHOMY
oTbopy (ecnu He 3aMeHseT €ero) TEHAEHUMS MpOSIB/IEHUS MOJSIE3HbIX WU
BbIFOAHbIX MyTauuit. Most NMYHas Touka 3peHus rno 3TOMy BOMPOCY He MMeEeT
3HayeHnsi. Ho Heo6XxoAMMO OroBOpPWUTb, YTO BO3MOXHOCTb <«HAaMpaB/IEHHbIX
MyTauuin» He NMPUHUMAETCS BO BHMMaHME B AafibHelLeM M3noxeHun. bonee
TOro, s He Mory o6cyxzaTb B3aMMOAEWCTBME MEHOB — «MOANMDUKATOPOB>» U
«MOJIMMEPHbIX» MEHOB, KakMM 6bl BaXXHbIM HM 6bI10 3TO 06CTOATENLCTBO AN
OEeNCTBUTENbHOIo MexaHn3ama oTbopa u 3BOOLMN.
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25. Jlokaausanus. PeneccCMBHOCTH U
JOMHUHAHTHOCTD

Temepr MBI HOMDKHBI PAacCMOTPETh HEKOTOPHIE BaXKHEWIIHME (DakThl U
MPEICTAaBICHNS, Kacalolluecss MYTalWid, OISNTh-TAKH B  HECKOJIBKO
JorMaTudeckoil (opme, HE MOKa3bIBas, KaKk 3TH (aKTHl U MPEICTaBICHUS
BO3HHUKJIM OJH 33 APYTHUM U3 HKCHIEPUMEHTAIBHBIX JaHHBIX.

Puc. 13. I'erepo3urorubiii Mmyrant. Kpecrom otmMeuen
MYTHPOBABIINH I'eH.

A N

<]

\_/ \_/
Msbl  momkHBI ObIM OBl OXHIATh, YTO ONPEACICHHAS MyTalus
BBI3BIBACTCSI M3MEHEHHEM B OINPENENICHHOH O00JIaCTH OZHOW M3 XPOMOCOM.
D70 Tak W ecTb. BakHO KOHCTaTHpOBATh, YTO 3TO W3MEHEHHE MPOHMCXOIUT
TOIBKO B OJHOM XpOMOCOME M HE BO3HHUKACT OJHOBPEMEHHO B
COOTBETCTBYIOIIEM JIOKYCE TOMOJIOTHYHOH XpoMOCcOMbI. CXeMaTHYECKH 3TO
MOKa3aHo Ha puc. 13, rme KpecToM OTMEYEH MyTHpPOBaBIIMK JOKyc. Dakr,
YTO 3aTPOHYTa TOJBKO OJHAa XpOMOCOMa, OOHApyXXHBaeTcs, Korjaa
MYTHpOBaBIlas 0coOb (4acTO Ha3bIBaeMasi MYMAHmMoM) CKPEUIUBAeTCs ¢
HeMmyTupoBaBliel. IIpm 3TOM POBHO TOJIOBHHA TOTOMCTBA OOHApY)KUBAaeT
MYTaHTHBIA NPU3HAK, a MOJOBHHA — HOPMANIBHBIH. JTO M €CTh HIMEHHO TO,
Yero CliefyeT OXHIATh B pe3yjbTaTe pPacXOXKIEHHsS y MYyTaHTa JBYX
XpOMOCOM B Mei03€ M YTO NOKa3aHO BECbMa CXeMaTW4yHO Ha puc. 14. Ha
3TOM pPHCYHKE NPHUBEICHA POJOCIOBHAS, T/I€ KAXIBIH MHIUBHIAYYM (Tpex
MIOCIIE0BATENIbHBIX TOKOJEHUH) MpPEACTaBIeH MPOCTO TAPOH XPOMOCOM.
Ioxanyiicra, yuture, 4ro ecau OBl 00e XpOMOCOMBI MyTaHTa OBUIH
W3MEHEeHbI, TO BCE IETH HMeNd OBl OJHYy W Ty Xe (CMEIIaHHYIO)
HACJEJCTBEHHOCTh, OTJINYHYIO OT HACIEICTBEHHOCTH Ka)KIOTO POIUTEIIS.

Ho skcnepuMeHTHpOBaTh B 3TOH 00JIACTH HE TaK MPOCTO, KaK MOTJIO
MOKa3aThCsl M3 BBIIECKa3aHHOTO. JIeno yYCIOXKHSETCS BTOPBIM BayKHBIM
O6CTOHTGHBCTBOM, a MMCHHO TEM, 4YTO MYTalluh BECbMa YacCToO 6I)IBa}OT
CKpPBITBIMU. UTO 3TO 3HAYHT?
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Puc. 14. HacienoBanme MyTanum.

OpnuHapHbIE JIMHUM YKa3bIBAIOT NEpefady HOPMaJdbHOI XpOMOCOMBI, a
JIBOMHBIE — IepeJadyy MYTHUPOBABILEH XPOMOCOMBL. XPOMOCOMBI TPETHErO
MIOKOJICHNS,  IIPOUCXOXJCHWE  KOTOPBIX  HE  yKa3aHO,  IIPUXOIAIT
HEBKJIIOYEHHBIMH B CXEMy CYNpyroB oco0Oeil BTOpOro MOKOJICHHS.
[Ipeanonaraercsi, 4TO 3TN CyNPyTH HE POACTBEHHBI 1 CBOOOAHBI OT MyTalni

Y MyTaHTHOH 0cO0M JjBe «KOINH MIH(POBATBLHOTO KOAA» HE OJJMHAKOBBI;
OHU TIPEACTABJIAIOT JBa PA3JIMYHLIX «TOJIKOBAHUWA» WM JIBC «BEpPCHUN», BO
BCSIKOM CJy4ae B TOM MeCTe, Iie NPOU30lLIa MyTauus. MOeT ObITb,
MOJIC3HO yKa3aTh Cpa3y, 4TO XOTSA 3TO M COOJa3HHUTENBHO, HO OBLIO OBI
COBEpIIEHHO HEBEPHO pacCcMaTpuBaTh [EPBOHAYAIBHYIO BEpPCHIO Kak
«OPTOIOKCAJIbHYIO», a MYTAHTHYIO BEPCHIO KaK «EpeTHYecKyio». MBI
JOJDKHBI paccMaTpuBaTh HMX B INPHUHIUIE KaK paBHOIPaBHBIE, MO0 U
HOpMaJIbHBIE TPU3HAKH B CBOE BPEMs BO3HUKIIM ITyTEM MYTalHi.

JlecTBUTENTbHO, MPU3HAKM MYTAaHTHOTO WHAMBHIYyMa, Kak oOree
MIPaBMIIO, COOTBETCTBYIOT WM TOW, WIIM APYTOil BEPCHH, PUYEM 3Ta BEPCHUS
MOJKeT OBITh KaK HOPMaJbHOM, TaK M MyTaHTHOH. Bepcus, KoTopoii cienyer
0c00b, Ha3bIBACTCA OOMUHAHMHOU, A TPOTUBOIOIOXKHAS — peyeccusHoll;
JPYTHMH CJIOBaMH, MyTalusl Ha3bIBAacTCsl JOMHUHAHTHON WMJIM PELIECCHBHON B
3aBHCHMOCTH OT TOTO, TPOSIBIISIET JIM OHA CBOM 3 (EKT cpa3y MIIH HeT.

PenieccuBHble MyTalmu Jake Oojiee 4YacThl, 4YeéM JOMHHAHTHBIC, H
OBIBAIOT BecbMa Ba)KHBIMH, XOTsI OHH U HE cpa3y oOHapykuBaroTcsi. UToObI
M3MEHUTh CBOMCTBa OpraHW3Ma, OHHU IOJDKHBI IIPHCYTCTBOBaTh B 00EUX
xpoMocomax (puc. 15). Takre MHANBUITYYMBI MOTYT OBITH IOJY4€HBI, KOT/Ia
JIBa OIMHAKOBBIX PELECCUBHBIX MYTaHTa CKPELIMBAIOTCS MEXTy cOOOW WIN
KOTZa MYTaHT CKpelluBaeTcs cam c coOoi. [lociemnee BO3MOXHO Yy
repMadpOANTHBIX PAcTeHHH M IPOHMCXOMUT CaMONpPOM3BOIBHO. IIpocTtoe
paccyXJIeHNE MOKA3bIBAET, YTO B 3TUX CIy4asX OKOJIO YETBEPTH MOTOMCTBA
OyzneT UMeTh BHEIIHOCTh MyTaHTA.
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26. BBeieHMe HEKOTOPBIX CHENHAJIbHBIX TEPMUHOB

Jns  Oomnbpliel SICHOCTH  3[ech clenyeT OOBSICHHUTh HEKOTOPBIE
CreLyaIbHble TEPMHUHBL 1O, UTO 51 HA3BIBAIO Gepcuetli uUpposanvbHo2o Kood,
Oynb OHa HOPMalbHON WM MYTAaHTHOH, NMPHHATO 0003HAYaTh TEPMUHOM
anneny. Korma BepcHM pas3jiMyHbI, KaK 3TO IMOKa3aHO Ha puc. 13, ocobb
Ha3bIBACTCS 2emepo3ueomHoll 0 OTHOLIEHHIO K 3ToMy Jiokycy. Korma onn
OJIMHAKOBbI, KaK, HalmpuMep, Y HEMyTHUPOBaBIIMX ocoleil wiu B ciyuae,
n300paKeHHOM Ha pHUC. 15, OHM HAa3BIBAIOTCS 2oMO3U2OMHbIMU. TakuM
00pa3oM, peLecCHBHBIE QJUIENU BIHUSIOT Ha TPHU3HAKA TOJBKO B
TOMO3UTOTHOM COCTOSIHMM, TOTJa KaK JOMHHAHTHBIE aJUIENH IPOM3BOMST
OIMH M TOT X€ NPHU3HAK KaK B TOMO3HTOTHOM, TaK W B T'€TEPO3UTOTHOM
COCTOSIHHH.

Puc. 15. 'oM03UroThIii MYTAHT, IOJIYYeHHbII B OHOI
YeTBEPTH MOTOMCTBA NPH CAMOOIIOAOTBOPEHUH
reTepo3uroTHLIX MyTaHTOB (cM. puc. 13) niau npu

CKpelMBAHUM UX MeXK1Y co00i

N0
ol

< U

I[BeT oOueHP YACTO AOMHHHPYET HAJ €ro OTCYTCTBHEeM (wiu Oenoit
okpackoit). Hanmpumep, ropox Oyner nBectd OeJIbIMU IIBETAMH TOJIBKO TOT/IA,
KOTJIa OH UMECT PeyecCUsHblill alieilb, OMEemcmeeHHblll 3a Oelvlll yeem B
00erX COOTBETCTBYIOIMX XPOMOCOMAX, TO €CTh KOT/Ia OH 20MO3U2OMEH NO
beromy, B 3TOM ciydae OH OyJeT JaBaTh YHCTOE MOTOMCTBO — BCE €ro
motoMku Oyayt OenbiMu. Ho yxe omuH kpacuwitl annens (B TO BpeMsl Kak
JIpyroi Oenblii — ecemeposucomuas 0cobb) CHENAET LUBETOK KPacHBIM U
COBEpIICHHO TaKHM K€ CIeJIAl0T €ro U JBa KPacHbIX ayuiens (2oMo3ucommas
0cobb). Paznmuuue MOCIEAHUX NBYX CIIyY4acB CTAHET BBUIBJIATHCS TOJIBKO B
MMOTOMCTBE, KOTJ[a TeTePO3UTOTHBIC KPACHbBIC OYAyT IMPOM3BOIUTE HEKOTOPOE
KOJINYECTBO OEJBIX IMMOTOMKOB, a TOMO3HMIOTHBIC KpacHble OYyIyT HaBaTh
YUCTOE TTOTOMCTBO.

To, 4To ABE 0COOM MOTYT OBITH COBEPIIICHHO IMOTOOHBIMU MO BHEITHOCTH
U, OJIHAKO, Pa3JInYaThCsl HACICICTBCHHO, CTOJIb BaXKHO, YTO JKEJIATEIBHO JIaTh
ATOMY TOYHYIO (POPMYITHPOBKY. ['CHETHK TOBOPHT, 94TO Y 0cobeit oauH
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U TOT K€ henomun, HO Pa3NUUHbIA cenomun. CouepKaHue MpeblIy X
naparpaoB MOXET OBITh, TAKUM 00pa3oM, CYMMHPOBaHO B KpPaTKOM, HO
OYCHB CIICIUATBEHOM BBIPAXKEHHUN: PeyeCcCUsHbIll alenb Gausem Ha Genomun,
MONLKO KO20d 2EHOMUN 2OMO3USOMEH.

Msbr Oynem mnpuberate BpeMsl OT BpPEMEHH K O3THM CIEIHAIbHBIM
BBIP)XCHUSIM, HAIIOMUHAs YUTATENI0 UX 3HaYeHHE, KOTAa 3TO HE0OXO0IMMO.

27. BpeaHoe neiicTBUe POJACTBEHHOI0 CKpPelIUBAHUSA

PeneccuBHBIE MyTalnMu, MOKa OHU FETEPO3UTOTHBI, HE CIYXkAaT, KOHEYHO,
MarepuasioM Ul €CTeCTBEHHOro ordopa. Eciam Myranum BpeqHbI, Kak 3TO
4acTo ObIBaeT, OHM HE OTOPACHIBAIOTCS, IOTOMY YTO CKPBITHI.

OTcrona cienyeT, 94To OYeHb OOJBIIOE KOJMYECTBO HEOIArONMpPUSATHBIX
MYyTaIlii MOJKET HAKaIUIMBAThCSl M HE MIPUYMHSATH HETTOCPEACTBEHHOTO Bpea.
Ho onm, xoHEYHO, mepenaroTcsl MOJOBHUHE ITOTOMCTBA, W 3TO HAOIIONAETCS
KaK y 4YeJIOBeKa, TaK M y XXHMBOTHBIX, OCOOCHHO JOMAIIHUX, XOPOILIHE
(usnuecKkre KauyecTBa KOTOPBIX UMEIOT [UIsl HAc OOJIBIIOE 3HAUCHHUE.

Ha puc. 14 npeamomnaraercsi, 4T0 MY>KCKOW MHIUBHIYYM (CKaXkeM, AJIs
KOHKPETHOCTH, S CaM) HeceT TaKyl0 DPELECCHBHYIO BpPEIHYI0 MYyTaLMIO B
TeTEePO3UTOTHOM COCTOSHUH, KOTopas He mpossisercd. [IpeanonoxuM, 9ro
MOsl J)KeHa He MMeeT ee. Toraa MoJioBUHA Hammx Jereil (CM. BTOPOH psim)
OyzeT Tak)Ke HECTH €€, U IPUTOM OISITh B TETEPO3UIOTHOM COCTOSTHHH, €CIH
BCE OHHM BCTYISIT B Opak ¢ HEMyTaHTHBIMH IapTHepaMu (Ha pHCYHKe
OITyIIIEHBI, 9TOOBI M30€KaTh MyTaHUIIBI), YETBEpTas YacTh HAIINX BHYKOB B
cpemHeM Oy/eT HECTH 3Ty MYTAIHIO.

Hukaxoil omacHOCTH BpeTHBIX NPOSBICHWH HE BO3HUKHET 110 TEX IIOp,
NOKa TaKWe WHIUBHIYYMBI HE IIEpexeHATca. Toraa, Kak MOKa3bIBaeT
IIPOCTOM pacyeT, yeTBepTas 4YacTh HUX HETEH OKaKeTCs TOMO3UIOTHOM M
NPOSIBUT BpPEAHYIO MYTaluio. 3a MCKIIOUYEHHEM CaMOOIUIOAOTBOPCHHUS
(BO3MOXHOTO TOJBKO Yy TepMa(pOIHUTHBIX pAacTeHHi), HauOOJIBIIYIO
OTACHOCTh TMPEJCTaBIIsUT Obl Opak MEXJIy MOMM CBHIHOM M MOEW J0uephblo.
Kaxnplii 13 HUX MMEET OJMHAKOBBIE IIAHCHI OBITH B CKPBITOM BHJIE HIIH
3aTPOHYTHIM, WM HE 3aTPOHYTHIM MyTalled, M MOTOMY OJiHa ueTBepTas
4acTh KPOBOCMECUTEIBHBIX COI030B ObLiIa OBl ONACHOM, MOCKOJIbKY YeTBEpTast
4acTh JA€TeH OT TaKUX OpaKkoB MpOsBIsUIa OBl BpeaHBIH nmpu3Hak. OmacHOCTh
JUIl Ka)KJOTO OTAENBHOTO peOeHKa, POXICHHOTO IPH KPOBOCMEIICHHH,
paBHa, TakuM obpaszom, 1:16.

ITono6HBIE paccyxaeHHs MOKa3bIBAIOT, YTO OMACHOCTH AJISI TOTOMCTBA B
crydyae Opaka MOMX BHYKOB, KOTOPbIle B TO JK€ BPEMs SBIAIOTCA
JIBOIOPOTHBIMU OpaToM U CeCTpoi, paBHa 1:64. DTo yke HE KaXXeTCS TaKUM
cTparl-
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HBIM, W JICHCTBHUTENBHO, MOCIEAHUH ciydail Opaka OOBIKHOBEHHO
cuntaercs TepnuMbM. Ho He Hano 3a0bIBaTh, YTO MBI aHAJIM3MPOBAIU
MOCJICICTBHSA TOJIBKO OJHOTO CKPBITOTO MOBPEXKICHUS Y OJHOTO MapTHEPA U3
mapbl TIPeAKoB (S B MOs KeHa). B meiicTBUTEN HOCTH ke 00a OHH, BecbMa
BO3MOJKHO, HECYT B cebe Ooiee 4eM OJMH CKPBITHIH HemocTaToK. Ecnm BbI
3HAeTe, YTO HOCUTE OINpPEICICHHBIH CKPBITBI HENOCTATOK, TO JOJKHBI
IpearongaraTh ¢ BEpOATHOCTbIO 1:8, 4YTO BalIM ABOIOPOXHBIE OpaThsi H
CECTPBI TAKXKE PA3JAEISIFOT €0 C BaMHu!

:')KCHepl/IMeHTI)I C pacCcTCHUAMUA nu KUBOTHBIMH, Mo-BUAUMOMY,
YKa3bIBAIOT, YTO KPOME CPABHUTEJIBHO PEIKHX CEPbe3HBIX 1e()EKTOB NMEeTCs
Macca MeNKHX, CIy4JaiHble KOMOMHAIIMM KOTOPBIX YXYHAIIAI0T B LEIOM
MIOTOMCTBO OT POJCTBEHHBIX cKpemuBaHui. Ilockoibky Mbl OGoniee He
CKJIIOHHBI M30aBISTHCS OT HEYJAuyHBIX ITOTOMKOB TEM J>KECTOKHM ITyTEM,
KaKUM I10JIb30BAJIUCH CHapTaHHBIS, MBI JIOJDKHBI 00paIaTh BeCbMa Cephe3HOe
BHIMaHHE Ha ONM3KOPOJCTBEHHBIE OpakW y 4UENOBEKa, I KOTOPOTro
€CTECTBEHHBI O0TOOp Hamboiee MPHUCIIOCOOJICHHBIX OTPaHHYEeH U Jaxe,
Oonee Toro, obOpamieH B CBOIO IPOTHBOIIOJIOKHOCTh. AHTHCEIEKTHBHOE
JIeficTBUE COBPEMEHHBIX MACCOBBIX YOMICTB 3[0pOBBIX IOHOILIEH Bcex
HAlMOHAIBHOCTEH BPSIJL JIM OMNpaB/AbIBAETCS COOOpPaKEHUSIMH, 4TO B Ooliee
HepBO6I)ITHBIX YCI0BUAX BOIfHa MOTJIa TOJIOKUTENIPHO BJIHATH Ha OT60p,
JlaBasi BO3MOXXHOCTh BBDKUTH HanOoJiee NpUCIIOCOOICHHBIM TIJIEMEHaM.

28. O0mume 3aMeyaHud

IIpencraBnsieTcst  yOUBUTENBHBIM, YTO PELECCUBHBIE aJJIENId B
TETEPO3UTOTHOM COCTOSIHUM IOJIHOCTBIO IOJAABIISIOTCS JOMUHAHTHBIMU H
COBEPLIEHHO HE MPOU3BOAAT BUAMMOTrO aeicTBusa. Hano, BO BCSIKOM cilydae
YIOOMSIHYTh, YTO HMMEIOTCS M HUCKIIoYeHHs. Korga roMO3WIOTHBIM Oemblii
JbBUHBIA 3€B  CKPEIIMBAETCS C TOMO3WUIOTHBIM  MAaJUHOBBIM, BCE
HEIMOCPEACTBEHHBIE MOTOMKHA OKa3bIBAIOTCSA MPOMEKYTOUHBIMU MO OKpacke,
TO €CTh PO30BBIMH (2 HE MaJTMHOBBIMH, KaK MOXKHO OBLIO OKU/ATH ).

Bonee BaxkHbIli ciydail ABYX ajuielnied, BBISBISIONIMX CBOE JAeHCTBHE
OTHOBPEMEHHO, HAOIIOaeTCs B TPYIIIaX KPOBH, HO MBI HE MOJKEM BIaBaThCS
31Mech B moapoOHocTH. S He ObUI OBl yIUBIICH, eciau OBl B KOHIIE KOHIIOB
OKa3aJI0Ch, YTO PEIICCCHBHOCTh MOXET OBITh Pa3NIMYHON CTENCHH W UYTO €¢
oOHapy’>KeHHE 3aBUCHT OT YyBCTBHTEIBHOCTH MPHUEMOB, MPUMEHSIEMBIX MPH
WN3yYeHUH q)eHomna4.

3 Cnabbix unn ypoanuebix paeter cbpacbiBanu €O cKasbl, 4TOb6bI
M36aBUTbCS OT CabbiX 1 60MIbHbIX MOTOMKOB. — [IpUM. repes.

* Nownckm YYBCTBUTENbHbLIX METOOB BbISIBNIEHUS PELIECCUBHbLIX annenen B
opraHmMsaMe uJenoBeka MpeacTaBAsAlT OAHY W3  BaXHehwux npobnem
MEAVMUMHCKON reHeTukn. PaspaboTka 3TUX METOAOB TMO3BOJSIUT BbIABUTb
CKpPbITble HOCUTENN MHOMMX 3ab60MIeBaHNI, HacneayoLMecs No peLeccuBHOMy
TUMy, 4TO 3HauuTenbHO obnerynt 60pbby C HacneaCTBEHHbIMU 6ONE3HAMMU.
Ha 5TOM MyTK yXe AOCTUrHYTbI NepBeble ycnexu — [IpuM. rnepes.
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3n1ech, MOXKET OBITh, CIIEAYET CKa3aTh HECKOJBKO CIIOB 00 HCTOpUH
reHeTHKU. OTKpBITHEM 3aKOHOB IIepeladd IOCIEAYIOIUM ITOKOJICHHIM
MPU3HAKOB, KOTOPBIMH PA3IMYAINCh POANUTENH, W, B YACTHOCTH, OTKPBITHEM
pEeLeCCHBHBIX M JOMHMHAHTHBIX TIPU3HAKOB MBI O00A3aHBl BCEMHPHO
W3BECTHOMY aBIyCTHHCKOMY ab0atry I'peropy Menmemo (1822-1884 rr.).
MeHzaenp HuUYero He 3HaJI O MyTauusx M Xpomocomax. B cBoem
MOHACTBIpCKOM cany B bpronne (bpHO) OH BBIpammBai CaJoBBIN TOPOIIEK,
KyJIbTUBUPYS Pa3JIMuHBIE COPTA, CKPELINBasi X U HAOMIOAas MOTOMCTBO B 1,
2, 3-M ... OKOJIEHUAX. BBl MOXeTe cka3aTk, YTO OH IKCIEPUMEHTHUPOBAI C
MyTaHTaMH{, HaWId MX YK€ TOTOBBIMM B Ipupone. PesynpraTel OH
omy6mkoBain eime B 1866 r. B «Naturforshender Verein in Briinn». Hukro,
Ka3aJ0Ch, HE HHTEPECOBAJICS 3aHATHAMHU ab0aTa M HUKTO, KOHEYHO, HE UMET
HU MaJICHIIEro MPEeACTaBICHHUS O TOM, YTO B XX CTOJIETHH €r0 OTKPBITHE
CTaHEeT IIyTeBOJHON 3BE37I0il COBEpPIIEHHO HOBOW HAayKH, BO3MOJXHO,
HanboJiee WHTEPECHOH B Hamm qHU. Ero paboTta OplIa cOBepIIEHHO 3a0BITa,
U ee CHOBA OTKPBUTH TOJIBKO B 1900 T. OTHOBPEMEHHO U HE3aBUCHMO JIPYT OT
npyra Koppenc, ne @pus u Uepmak.

29. Heo0xoaumo, 4T00bI MyTALUU OBLJIU PEAKUM
co0bITHEM

Jlo cux mop MBI oOpaliany BHUMaHUE Ha BpeIHBIE MyTallMH, KOTOPHIE,
MOXeT OBITh, OOJIee MHOTOYMCIICHHBI; OJHAKO CJIEAYET OTMETHTBH, YTO MBI
BCTpPEYaeMCs U C TIOJIE3HBIMH MyTalmsaMu. Eciin caMonpon3BoJibHAS MyTalus
MpeCcTaBIsieT cO00i HEOOJBIIYIO CTYNIEHPKY B Pa3BUTHH BUJIA, TO CO3/IACTCS
BIICYATIICHUE, YTO 3TO M3MCHEHUE HCITBITHIBACTCS» BCICIYIO, C PUCKOM, YTO
OHO MOXKET OKa3aThCsi BPEAHBIM M B 3TOM Ciydae OyAeT aBTOMATHYECKH
UCKII04eHo. OTCIo/Ia BEITEKAET OUH OUYEHb BaXKHBII BBIBOJ.

UroObl OBITH MOIXOISIIUM MATEpUalioM Ui PadOThl €CTECTBEHHOTO
0T0Opa, MyTallMM JOJDKHBI OBITH JOCTATOYHO PEIKUM COOBITHEM, KaKUMH
OHM B JEHUCTBUTEIBHOCTH U OKasbiBatoTcs. Ecmu Obl Myranuu Obuin
HACTOJBKO YacThIMH, 4YTO CyIllecTBoBana Obl Oojblias BepOSITHOCTH
TIOSIBJIGHUH Y OJHOM 0COOM, CKakeM, MIOKMHBI Pa3IM4YHBIX MYTalud, TO
BpeIHbIe, KaK MMpaBUIIo, peodiagany Obl Haj MOJE3HBIMHU, U BHIBI, BMECTO
TOTO YTOOBI YITydINaThCs IMyTeM OTOOpA, OCTABAIMCH OBl HEYITydYIICHHBIMU
nn nornOanu. CpaBHUTEIBHBINH KOHCEPBATU3M, SBISIOIINICS PE3yIbTaTOM
BBICOKOW YCTOWYHMBOCTH TEHOB, MMEET OUYCHb CYILECTBEHHOE 3HAucHUE.
AHAJOTHIO 3TOMY MOKHO
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YCMOTpETh, HampuMep, B padOTe CI0XXHOIO OOOPYZOBAaHUS Ha KaKOM-
HUOYap 3aBoje. Jlnst ymywmieHust ero pa0GoTel HE0OXOIMMO BBOJAUTH
pasiMYHBlE HOBIIECTBA, JaXXe HENpOBepeHHble paHbime. Ho 4T0oOBI
BBISICHUTB, KaK BIHMSIOT OHHM Ha Ka4eCTBO MPOIYKIHHU, BAYKHO BBOJUTD UX IO
OITHOMY, OCTaBIIAA O3 M3MEHEHHS OCTAIBHOE 000pYyJOBaHHE.

30. MyTauuu, BbI3BAHHBIC PCHTITCHOBCKUMH

JydyaMHu
Msl Tenepp INOJDKHBI PAaCCMOTPETh CEPUI0 UYPE3BBIYAHO OCTPOYMHBIX
TFeHETUYECKUX HCCIIEI0OBaHU, KOTOpBIE OKaXKyTCsl Hanboee

CYIIECTBEHHBIMH ISl HAIIETO aHANu3a. Yacmomy mymayuii B TOTOMCTBE —
TaK Ha3bIBAEMBIN TEMIT MyTHPOBAHUS — MOXHO YBEIHYUTH BO MHOTO pa3 1o
CPaBHCHHIO C €CTCCTBEHHBIM MYTAI[MOHHBIM TEMIIOM, €CIH TOJBEPIHYThH
poauTeneil PEHTTEHOBCKOMY WM 7-00iy4eHHi0. MyTaliu, BbI3BaHHbIC
TaKUM MyTeM, HUYEeM (32 MCKIIOYeHUEM OOJIbIIEeH YaCTOThI) HE OTIMYAIOTCS
OT BO3HUKAIOIIUX CAMOIIPOM3BOJILHO, M CO3/IAETCs BIICYATIICHHE, YTO KaXaast
€CTECTBEHHAsi MyTallUsi MOXET OBITh TaKKe BbBI3BaHA PEHTTCHOBCKUMH
JTy4aMH.

B oOmmpHbIX KyabTypax Drosophila MHOTHE MyTalliMl HEOJHOKPATHO
MTOBTOPSIIOTCS; OHU JIOKATU3YIOTCSI B XpOMOCOME, KaK 3TO OMHUCaHo B § 16, u
JaKe TOJNyYWId CIelUalbHble Ha3BaHWA. bBbUIM  OOHapyXKEHbl Tak
Ha3bIBa€MbIC MHO)KECTBCHHBIC AJICITH, TO €CTh JBe (WM Oojiee) pa3iiuuHbIC
«BEpCHM» WM JBa «4YTCHHUs» (B J00aBICHHE K  HOPMAIBHOWM,
HEMYTHPOBABIIICH) B TOM K€ MECTE€ XPOMOCOMHOTO KOJla. DTO 03HAYAET, YTO
HUMEIOTCSL HE TOJBKO [[Ba, HO TP W OOJIbIIe M3MEHEHHH B JAHHOM JIOKYCE,
MpUYeM KaXKIblE [BA W3 HUX HAXOMATCS OIWH K APYrOMY B OTHOIICHUH
JIOMHUHAHTHOCTH-PEL[ECCUBHOCTH, KOT/Ia OHHU OKa3bIBAIOTCS OJJHOBPEMEHHO Ha
CBOMX COOTBETCTBYIOIIMX MECTaX B JIBYX TOMOJIOTHYHBIX XpOMOCOMaXS.

DKCIEePUMEHTBI C MYTAIMsIMH, BBI3BAHHBIMH PEHTTCHOBCKHUMH JIydaMH,
CO3/IAI0T BIICUATICHHE, YTO KaXKIBI OTACIBHBIA «IEpPexXo», CKaKeM, OT
HOPMAIIFHOTO WHIUBUAYYMa K MYTaHTy WIA HAo0OpPOT, HMEET CBOM
WHIUBUAYATGHBIA «KO3(D(HUIIUCHTY», XapaKTepH3YIONIMI YHCIO MOTOMKOB,
KOTOPBIC OKAa3bIBAIOTCS MYTHPOBABIIMMH B JAHHOM HAIPABJICHUHU, CCITH
nepest 3apOXkKACHUEM ITUX OTOMKOB POJUTENU MOMYYMIN SMHUYHYIO 103y
PEHTT€HOBCKUX ITydei.

DTO He COoBCEM TOYHO. OTMEYEHO, YTO 32 MCKIOYEHMEM <AMKOrO»

(obblyHOro) annenomopda oOCTanbHble Yawe BeayT cebsa He Kak
AOMWHAHTHbIE U B COYETAHUWN AatOT NPOMeXYyTo4YHble hopMbl. — [IpuM. riepes.
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31. IlepBblii 3ak0H. MyTanus — eIUHUYHOE
co0bITHE

Bonee  TOro, 3akoHbI,  YNpaBISIIOIIME  YAacCTOTOM  MPOSBIECHUS
MHAYLUMPOBAHHBIX ~ MyTalMii, KpaiiHe 1pocTel. S crnenyro  3x1ech
kiaccudukanuu H. B. Tumodeena-Pecosckoro [«Biological Reviews» (vol.
9, 1934)]. B 3HauWTENnbHOW CTENIEHW OHA OCHOBBIBACTCS Ha TMPEKPACHOU
paboTe 3TOro aBTopa.

Yacmoma mymayuii npsamo nponopyuoHaibHa 0o3ze o0.1yuenus, — IIacuT
NEPBBIN 3aKOH, — MAK 4Mo MOJICHO axmuuecku 2osopums (Kak s 9TO U
JIENaN) 0 KodgPuyuenme yeeauieHus.

MBI Tak OpPUBBIKIM K MHPSIMOH NPONOPLHUOHATBHOCTH, YTO CKJIOHHEI
HEJI0OIIEHUBATh JaJIeKO MIYIINE ITOCIEACTBUS 9TOTO 3aKOHa. UTOOBI OIIEHUTD
WX, JaBaiiTe BCIIOMHHM, YTO CTOMMOCTh TOBapa, HalpHMep, HE BCerna
3aBHCHT OT ero KosmdecTBa. CKaskeM, BBl KYITHIIH TIOJIAIOKHHBI alleIbCHHOB,
JIABOYHMK OBUT 00paIoBaH, U, €CIH BbI IIOTOM PEIININ B3SITh Y HETO JI0XKUHY,
OH, BO3MOXHO, OTZIACT €€ BaM BJBOE JIeIIeBIe. B HeypokalHbIE TOIBI MOXKET
CIIy9UTBCSI COBCEM OOpaTHOE.

B Hamiem ciydae MbI 3aKiII04aeM, 4TO TiepBas MOJIOBUHA JI03bI 3Ty4EHHS,
BBI3BaB, CKakeM, oHy MyTaruio Ha 1000 mOTOMKOB, B TO K€ BpeMsl COBCEM
HC MOBJIMAJIAa Ha OCTAJIbHBIX ITOTOMKOB HU B CTOPOHY IIPEAPACIIOTIOXKEHNUA UX
K MyTalusiM, HI B CTOPOHY MMMYHH3allMH IIPOTUB MyTaluuid. B mporuBHOM
cilyyae BTOpasi IIOJIOBUHA J03bI HE BbI3BaJla Obl CHOBa MMEHHO OJHON
myrtanuu Ha 1000. MyTtamus, TakuM o0pa3oM, HeE SIBJISIETCS HAKOIUIEHHBIM
pe3yIbTaTOM IOCIE0BATENFHOTO OOMYYeHHS B MalbIX J[03aX, KOTOpBIE
ycnnmuBanu  Obl  ofmHAa Apyryro. MyTamuss — eIWHHYHOE —SIBJICHHE,
MIPOHMCXOIAIIEEe B XPOMOCOME MOl BO3ZEHCTBHEM PEHTICHOBCKUX Jydeil. Uto
JKeE ITO 32 SIBJICHHE?

32. Bropoi 3akoH. Jlokaau3anusi coObITUA

Ha »T0 oTBeuaeT BTOpOW 3aKkoH. FEcau 6vl uaMmeHseme Kauecmeo
PEHM2eHO8CK020 usiyueHus (OMUHY GONHbL) 6 WUPOKUX npedenax om
ONIUHHOBONHO8020 00  00BOJBHO  KOPOMKOBONHOB020,  KOI(DDuyuenm
0Cmaemcst NOCMOSIHHbIM IPU YCA06Ul, 4mo 003a obnyuenuss (B eIAHHUIAX
PEHmeen) OCmaemcsi HeU3MEeHHOIL.

Wnaye rosopsi, kK03QHUIMEHT HE M3MEHSETCS, €CIIH BBl M3MEpsETe 03y
00 Ty4eHHUs YUCIIOM HOHOB, 00Pa3yIOUINXCS B SIIHUIE 00beMa ITOIXOISIIET0
CTaHJapPTHOrO BelleCTBA B TEYCHHWE BpEMEHH, KOIJa pPOTUTENH
MOJIBEPraroTCs O0IydeHHIO.

B kauecTBe CTaHIAPTHOIO BEIIECTBA BBIOMPAIOT BO3AYX HE TOJBKO IS
y]lO6CTBa, HO U HOTOMy, YqTO TKAaHU OpFaHI/ISMOB COCTOSAT U3 DJICMCHTOB
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TOTO € CPEJHEro aTOMHOI'0 Beca, Kak U Bo3ayxX. HrkHuii npenen uucia
MOHH3aLUI WM CONPOBOXIAIONINX MX r[poueccm;(7 (BO30Yy>KIeHHIT) B TKaHAX
MOJTy4YaloT YMHOXKEHHEM YHCJIa MOHHU3alMi B BO3AyXe Ha OTHOIIECHHWE WX
mioTHOCTeH. TakuMm 00Opa3oM, COBEPIICHHO SCHO (M 3TO TOATBEPKIAAIOT
Gosiee meTanbHBIE MCCIICIOBAHMS), YTO SIBICHHE, BBI3BIBAIOLICE CAMHUYHYIO
MYTaIMI0, 3TO U €CTh KaK pa3 MOHU3aIMs (WM KaKOW-TO JPYroi mporiecc),
MPOUCXOJIAsi BHYTPH HEKOTOPOTO «KPHUTHUECKOT0» 00beMa 3apo/IbILIeBOM
kietku. Kako e 3ToT kputHueckuii 00beM? OH MOXeET OBITh YCTaHOBIICH
Ha OCHOBE HAOJIOJAIOUICHCSl YacTOThI MYTHPOBAHMS IIyTEM CIIEAYIOIIETO
paccyxaenusi. Eciu npu noze 50000 nonos Ha 1 o’ BEPOSTHOCTh MYTallUA
UL KaXIOW  OTHENBHOM TaMeThl, Haxoldmieics B  oOmydaeMoM
mpocTtpancTBe, paBHa 1:1000, TO KpuUTHUECKHH 00BEM — «MUIICHB», B
KOTOPYIO HaJ0 «IIOTAacTh)» HMOHU3UPYIOIIEH 4YacTHIlE, YTOObI BO3ZHHKIA 3Ta
myTams, 0yaer toasko 1/1000 ot 1/50000 c,w3, TO €CTh, HHAYE TOBOPS, OJHA
MATUACCATUMIUTMOHHAS I0JIs1 KyOHMueckoro caHtuMmerpa. JlaHHble 31ech He
TOYHBI, U S MX TIPUBEJ TOJIBKO JUIS WIIIOCTpaluy. B NelcTBUTETLHOCTH TIPH
pacuere MBI crnegyeM M.JlensOproky (coBmecTHas paboTa ero c
H.B.Tumodeea-Pecosckum u K. T HI/IMMepOM)7. Ota ke paboTa MoCIyXUT
OCHOBHBIM MCTOYHUKOM TIPH U370)KEHUN TEOPUH B CIIEAYIONINX JIBYX IJIaBax.
ITo J[lempOproky »TOT 00BeM paBeH mnouytn 10 cpegHIM aTOMHBIM
PacCTOSIHUAM, B3ATBIM B KyOe€, M COIEpPXKUT, TAKUM 00pa3oM, TOJIBKO OKOJIO
1000 aromos. Ilpocreiiiiee HCTOIKOBAaHUE 3TOTO pPe3yibTaTa CBOAUTCS K
TOMY, YTO HMEETCS JOCTaTOYHAash BEPOSTHOCTh BO3HUKHOBEHHWS JaHHOM
MyTallM{, €CIM MOHU3alus (MU BO30YXKJEHHE) MPOUCXOIUT HE Jaliee, YeM
Ha paccTOSHUM 0KojJo 10 aTOMOB OT ONpEJeNIeHHOrO MECTa B XpPOMOCOME
(Oostee meTambHO MBI 3TO OOCYIMM Jajee).

B pabore H. B. TumodeeBa-PecoBckoro comepKHTCsi MpPaKTHYECKUH
HaMeK, 0 KOTOPOM 51 HE MOTY 37IeCh HE YIOMSHYTb, XOTSI OH, KOHEYHO, HE
MMeeT OTHOLICHHUS K HacTOAILIEMY HCCIIEAOBaHUIO. B Hamm nHU y denmoBeka
MHOTO BO3MOKHOCTEH TIOABEPTHYTHCS 00IYIEHHIO PEHTTEHOBCKUMH JTyYaMH.
OmnacHOCTh MX JIEMCTBHS XOPOIIO BCEM M3BECTHA. METUIMHCKHE CECTPHI U
BPa4YM-PEHTI€HOJIOTH, MOCTOSIHHO HMEIOIIUE JIETI0 C PEHITEHOBCKUMH
JTy4amu, 00€CTICUNBAIOTCS CIIEIMANBHOM 3aIIUTON B BUJE CBUHIIOBBIX IINPM,
(daptykoB u T. A. Jleno, onHaKo, B TOM, YTO JaXKe TIPH YCIIEITHOM OTPaKeHUH
ATOM Hen30eKHO! OMAaCHOCTH, TPO3AIIeH HHIUBUAYYMY, CYIIECTBYET

® HuxHUWiA Npesen, MOTOMy YTO TM Apyrue MPOLIECCHl He yUMTbIBAIOTCA
npyv M3MEPEHUM MOHM3ALMM, HO MOryT UMETb 3HAYEHWE MPU BbI3bIBAHWUK
MyTaLuii.

"Nachr. a. d. Biologie d. Ges. d. Wiss. Géttingen, 1, 189 (1935).
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KOCBCHHAsI OITACHOCTh BO3HUKHOBEHHSI HEOOJBIINX BPEIHBIX MYTAIHH B
3aYaTKOBBIX KJIETKAaX, MYTallMii TaKUX e, KaK U Te, C KOTOPHIMH MBI
BCTpeUalliCh, KOTrJa pedb M[ula O HEeONArompHsATHBIX —pe3yJbTaTax
POACTBEHHOrO CKpeliuBanus. ['0Bopst Gosee SICHO, XOTs, BO3MOXHO, 3TO
3BYYUT ¥ HEMHOT'O HAWBHO, OMACHOCTH Opaka MEx/1y JBOIOPOIAHBIMU OpaToM
M CEeCTPOd MOXKeT ObITh 3HAYMTENILHO YBEJIMUEHa TeM, uTo uxX Oalyiika B
TEYEHHE [OJIrOro BpEeMEHH paboTanma MEACEeCTPO B PEHTICHOBCKOM
KabuHeTre. DTO HE JOJDKHO OBITh ITOBOXOM JUId OECIIOKOMCTBA OTIEJILHOTO
gyenmoBeka. Ho  Bcskas — BO3MOXKHOCTh — MOCTCIICHHOTO — 3apayKCHUS
YCJIOBCYCCKOIo poL[a HECXKCJIAaTCIIbHBIMH CKpI)ITbIMI/I MyTaLII/IﬂMI/I JOJDKHA
HHTEPECOBATh YEJI0BEYCCKOE 06HleCTB08.

OnacHoOCTM  yCuneHuss MyTauMOHHOro JAaBneHuss ansa  6yayuwlero
yenopeyecrea BCNeEACTBME MOBbIWEHUA paAnaUMOHHOroO q)OHa, ocobeHHOo
rnocne cos3gaHuna M uUcnblTaHNa AAEepPHOro OpyXua UM UCNOJSIb30BaHUA BCe
60NbLIEro KONMMYecTBa XUMUYECKUX BELWECTB B HOBCE,D,HEBHOVI XW3HN, B
HacTosdlee BpeMAa YyaendeTca 6onbloe BHMMaHMe. PaboTtamMm coBeTCKUX

yYeHbIX MOKa3aHo, 4YTO HeT reHeTuyeckn 6e3BpeAHON A03bl pagnauun. —
lpum. nepes.
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IV. lannble KBAHTOBOW MEeXaHUKH

Und deines Geistes hdchster Feuerflug Hat schon am Gleichnis, hat am
Bild genug.
Goethe1

33. IlocTOosIHCTBO, HE 00BACHUMOE KJIACCHUECKOH
(pusukoii

Takum 00pa3oM, HpU TMOMOILIM yIMUBHTEIHLHO TOHKOTO HHCTPYMEHTA,
KaKUM SIBJISIFOTCS] PEHTI'€HOBCKHE JIy4H (OHHU JIaId BO3MOXXHOCTB, KaK TOMHHT
¢m3uk, 30 5er Haszax OTKPHIT CTPYKTYpy KpHCTaUIoB), Omoioram u
¢u3uKaM ymanoch yBUAETH Oojiee TOHKHE CTPYKTYpBI, OTBETCTBCHHBIC 32
OTIpeZieTICHHbIE WHAMBHUIyaIbHbIC TPU3HAKH, TO €CTh yJIaJOCh ONPENEIUTH
pa3mep TeHOB 0oJiee TOYHO, YeM METOIaMH, onMcaHHbIMA B § 20. MBI Teneps
CEphE3HO CTOMM MEpEl BONPOCOM: KaK MOXKHO C TOYKH 3pEHHA
CTaTHCTHYECKOM (HM3MKM IPUMHPHUTH TO, 4YTO TCHHAas CTPYKTypa, IIO-
BUJIMMOMY, BKJIIOYaeT B ce0sl TOJBKO CPaBHUTENHHO Majoe YKCIO aTOMOB
(nmopsinka 1000, a BO3MOXKHO, rOpa3fo MEHBINE) U BCE JK€ MPOSABISIET BeCbMa
PeryispHyI0 M 3aKOHOMEPHYIO aKTHBHOCTh M TaKO€ ITOCTOSHCTBO, KaKoe
TPaHUYHT C UYyJIOM.

PazpemmTe MHE MOSCHUTH MPUMEPOM 3TO NEHCTBHUTENIBHO yIUBHTEILHOE
MOJIOKEHHE. Y HECKOJBKUX WICHOB IaOCOYprcKOi IMHACTHHM HIDKHSS Tyba
nMena ocobyio ¢dopmy («rabcOyprckass ryda»). HacmemoBanme sToro
MpHU3HaKa OBUIO M3YYEHO OYEHb TINATENBHO, W PEe3YJbTaThl OITyOIMKOBAHbI
Nmnepatopckoit akagemueil B Bene. Ilpu3Hak oka3zaincs HACTOSIIMM
MEHJIENEBCKUM  ajUleieM [0 OTHOUIEHHMIO K HOpPMalbHOW ryoe.
IIpucmotpeBuich K mopTpeTam uieHOB cembu O kuBIiX B XVI-XIX
CTOJIETHSIX, MBI MOXXEM YBEPEHHO 3asBHTh, 4TO MaTepHalbHAsl TEeHHas
CTPYKTYpa, OTBETCTBEHHAs 3a 3Ty HEHOpPMAJbHYIO UepTy, IepenaBanach U3
MOKOJICHHWS! B IIOKOJIEHHE B TEUEHHWE CTOJNCTHH M B  TOYHOCTH
BOCIIPOM3BO/IMIIACH B KOKIOM M3 HEMHOTHX KJIETOYHBIX AEIEHHH, KOTOpbIE
MPOUCXOIMIIH B TOT Nepuol. boiiee TOro, 4ucino aToMOB, 3aKITFOYAIOIINXCS B
COOTBETCTBYIOIIEH T€HHON CTPYKTYpe,

"W nnameHHbIii noneT TBOEro Ayxa A0BOALCTBYETCA M306PAXEHUSMA 1
nogobusmn. — lere.

[peaunrep 2. Uto takoe xu3Hb? Ousnueckuil aCeKT )KUBON KIETKU. —
Mocksa-Uxesck: HULL «PerynspHas u xaoTuueckast tuHaMukay, 2002. 92 c.


http://yanko.lib.ru/
http://yanko.lib.ru/gum.html
http://yanko.lib.ru/

Anko Cnasa (Bubnnoteka Fort/Da) || http://yanko.lib.ru 55

55

BEPOSITHO, JIOJDKHO OBITH TOrO K€ TMOpsiIKa, Kak M B Cilydasx,
MPOBEPEHHBIX C MOMOIIBI0 PEHTIeHOBCKUX Jyuedl. Bce 3To Bpems ren
Haxoawics mpu Temmeparype okoino 36° C. Kak moHATH, 9TO OH OCTajiCs
HEM3MEHHBIM B TEUYCHHE CTOJETHH, HECMOTpPS Ha TEHJCHLUIO TEILUIOBOTO
JBIDKEHUS K HApYIIEHHIO OPSAIKa B CTPYKType?

®uU3MK KOHLA TPOMHIJIOr0 CTOJETHs, OCHOBBIBASCh HAa TEX 3aKOHAX
HPHUPOBI, KOTOPbIE OH TOTZa MOT OOBSICHUTH M KOTOPBIE OH JEHCTBUTEILHO
MOHMMaJI, He Hamlel Obl OTBeTa Ha 3TOT Bompoc. [IpaBaa, MoxeT ObITh, MOCIE
KOPOTKOTO pa3MBIIIJICHUsI O CTaTUCTUYECKOW IPHPOZIE 3aKOHOB, OH OBl
OoTBeTMJI (KaK MBI YBHIUM, [PaBWIBHO): OSTHUMH MaTepHalIbHBIMU
CTPYKTYPaMH MOTYT OBITh TOJIBKO MOJIEKYJIbl. XUMHS y)KEe UMelia B TO BpeMs
JIOCTaTOYHOE MPEACTaBICHUE O CYIIECTBOBAHUU 3TUX acCOLMAIUIl aTOMOB U
00 UX MHOT/J]a OYEHb BBHICOKOH CTaOMILHOCTH.

Ho sT0 3HaHmMe ObUTO ymcTO SMIMprdeckuM. [Ipupona Monekyn He Obla
TIOHATa — CHJIbHBIE B3aMMOCBSI3H aTOMOB, COXpaHsIomue GopMy MOJIEKYIH,
ObLTM JUIS BCEX IIOJIHOM 3arankoil. JIeWMCTBHTEIHHO, OTBET OKa3ayics Obl
NpPaBIIBHBIM, HO LIEHHOCTh €r0 HECKOJIBKO OTrpPaHMYEHA, ITOCKOJIBKY
3arajo4yHas OWOJOTHMYECKass YCTOMYMBOCTh CBOAMIACH K CTOJNb JKe
3araJIoYHON XUMHUYECKOH ycTOWYHBOCTH. JIF000€e mpencTaBieHne o TOM, 94TO
JIB€ 0COOEHHOCTH, CXOHBIE IO MPOSABJICHUIO, OCHOBAHBI HA OJJTHOM U TOM K€
MIPUHIIHIE, BCET/1a HEHAIEKHO 10 TeX IOop, TOKa HEU3BECTEH CaM MPUHIIHIL.

34. O6vschumo keanmosol meopuell

B nanHOM ciydae 3TOT OTBET Ha 3TOT BOIPOC AAeT KBaHTOBas Teopus. B
CBETE€ COBPEMEHHBIX 3HAHUIl MEXaHU3M HACJIEACTBEHHOCTH TECHO CBA3aH C
caMoif OCHOBOI KBaHTOBOM TEOPHUH M, Jake OoJiee TOTO, OMMPACTCS Ha Hee.
Ora Teopust Obuta cdopmyimupoBana Makcom Ilmankom B 1900 T
CoBpeMeHHasl TeHETHKAa HAYMHAETCS C «OTKPBITHS» MEHIEICBCKOW paboThI
ne ©pmsom, Koppercom n Yepmakom (1900 r.) u ¢ paborer e @pusa o
myTtamsix (1901-1903 rr.). Takum 06pa3zomM, BpeMst pOXKIAEHHUS IBYX BETHKIX
TEOpU IOYTH COBNAAAeT, W HE YAMBUTEIBHO, YTO 00€ MOJDKHBI OBLIH
JOCTUTHYThH OIIPEAEICHHON CTEIEHH 3pENIOCTH, MPEeXIEe YeM MEXTy HUMHU
MOTJIa BO3HHMKHYThH CBsI3b. JIJi1 KBaHTOBOHM Teopuu moTpeboBanoch Ooblie
YyeTBepTH Beka, korga B 1926-1927 rr. B. Tlaiitnep u @.Jlonnon
c(OpPMYIHPOBAIM OCHOBHBIC TIOJIOKEHUS! KBAHTOBOW TEOPHH XUMHYECKUX
cBsi3eil. [aliTiiep-noHI0HOBCKast TeOpysl BKIIIOUAeT B cedst Hanbosiee TOHKUE
U CIIOKHBIE TIOHATHUS TO3JHEWIed KBAaHTOBOM TEOpUH, Ha3bIBAEMOM
KBAHMOBOU MexaHuxkol, WIN 6oaHoeou mexanuxou. W3moxeHne ee 0e3
MIPUMEHEHHS BBICIIEH MaTeMaTHKH OYTH HEBO3MOXHO WM TOTpeOoBa-
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7o Obl, O KpaiiHe# Mepe, HeOoipmoi kHurH. Ho Temepn, xorma Best
pabora yske BBIIOJIHEHA, CTAHOBUTCSI BO3MOKHBIM yYCTaHOBHUTH CBSI3b MEXIY
KBaHTOBBIMH IIEPEXOAAMH U MyTAIMSAMH. DTO MBI ¥ ITOCTAPAEMCs CIENIATh.

35. KBaHTOBasl TEOPUSA — AUCKPETHbIE COCTOSTHUS
— KBAHTOBBbIE MePexo/ibl

Benmuaifmee  OTKpBITHE  KBaHTOBOH TeOpuM —  OOHapy)KeHHe
JIMCKPETHOCTU B KHUTE MPHUPOJIbI, B KOHTEKCTE KOTOPOM, C MPEXKHEH TOUKU
3peHus, Ka3ajJoCh HEJENOCThI0 BCE, KpOME HEMpephIBHOCTU. B mepByio
ouepellb 3TO KacaeTcs dHEPruu. Teyto OOJBIIOro Macirada U3MEHSIET CBOIO
SHEPrui0  HempepeiBHO. Hampumep, HavaBmIMH  KadyaTbCcsi  MasTHUK
[IOCTENIEHHO 3aMEMJIAeT CBOE JBW)KEHUE BCIEJICTBUE CONPOTUBJICHUS
BO3JlyXa. XOTSI 3TO JOBOJIbBHO CTPaHHO, HO MPHUXOIUTCS TPHUHATH, YTO
CHCTEMa aTOMHOTO TOpsi/iKa BedeT ceOs mHavde. MBI TOJDKHBI PU3HATH, YTO
Mayias CHCTeMa B CHUIy CBOCH COOCTBEHHOW MPHUPOIBI MOXKET HAaXOAWTHCS B
COCTOSIHUSIX, Pa3/IMYAIOIIMXCS  TOJIBKO  JTUCKPETHBIMU  KOJMYECTBAMU
SHEPruM, KOTOPHIE HA3bIBAIOTCS €€ SHEPreTUYECKUMHU YpOBHAMH. [lepexon ot
OIHOTO COCTOSHHSI K JPYroMy TIIPEACTaBIIsIeT COOOH  HECKOJBKO
TauHCTBEHHOE SIBJICHUE, OOBIYHO HA3BIBAEMOE KEAHIMOBLIM NEPEXOOOM.

Ho OHEPIrud — HC C€AMHCTBCHHAsA XapaKTEPUCTHUKA CUCTEMBI. Bo3bpMmem
CHOBA Halll MAsITHUK — TsDKENBIM L1ap, KOTOPBIM IOJBEIIEH HA IIHYpE U
KOTOPBIM MOKET BBINOJIHATH pa3lInyHble IBMKEHUS. Ero MOXKHO 3acTaBUTH
KayaThCs C CeBepa Ha IOT, C BOCTOKA Ha 3amaj, WIH B JIOOOM JPYroM
HapaBJIEHUH, WIK MO KPYTy, WIK Mo 3Juuncy. Ho ecinu THXOHBKO OyTh Ha
map ¢ MOMOULIbI0 MEXOB, TO MOYKHO 3aCTaBUTh €r0 MOCTEIEHHO MEPEXOAUTH
OT OJHOTO BUJA IBHXEHUS K IPYTrOMY.

Jns cuctem Mmamoro macmraba OONBIIMHCTBO STHX WM TOIOOHBIX
XapaKTepUCTHK (MBI HE MOXEM BXOIUTPH B JICTANIN) U3MEHIETCS MPEPHIBUCTO.
OHHN «KBaHTYIOTCS» COBEPIIEHHO Tak ke, Kak W »Heprus. Iloatomy, ecim
HEKOTOPOE YHWCII0O aTOMHBIX sep, BKIOYas M OpPOUTAIbHBIE AIIEKTPOHEI,
HAXOMATCS OJM3KO APYr K OPYyry U OOpa3ylT «CHUCTEMY», TO OHH YKe
CIOCOOHBI NPUHUMATH JAJEKO HE BCE T€ MPOM3BOJBHBIE KOH(UIypamuu,
KaKhe MbI MOXKeM cebe mpeacTaBuTh. X cOOCTBEHHAs MPHUPOJA OCTAaBIIICT
UM JUIs BBIOOpPA, XOTS M BECbMa MHOTOYHCIICHHYIO, HO MPEPHIBUCTYIO CEPUI0
«COCTOSHHID . Mbl OGBIMHO HA3bIBAEM STH COCTOSHHUS JHEPreTUYECKUMU
YPOBHSAIMH, TaK KakK DHEPIHs COCTABIISIET BECbMa BAXKHYIO XapaKTEPUCTHUKY.
Ho

‘g MPUHMMalO TOJSIKOBaHME, KOTOpPOe O6bIYHO AaeTcs B MOMYAsPHbIX
KHWrax 1 KoTopoe yAOBNETBOPUTENbHO W AJIA Hallel Lefu, HO A caM Bceraa
ocyxfato TeX, KTO 3akpennsieT yaobHyto owunbky. WCTMHHas KapTuHa
3HaUMTENbHO CNIOXHee, TaK Kak oOHa Bk/YaeT B cebsi  chyvaiiHyio

WHAETEPMUHAHTHOCTb B OTHOLWIEHUU COCTOAHUA, B KOTOPOM HaxoAuTcd
cucrtema.
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HAJl0 TOHSTH, YTO IIOJIHOE OIMCAHUE COJCP)KUT 3HAYMTENHHO OoJblie
XapaKTepUCTHK, 4YeM TOJNbKO OJHepruto. Ilo cymecTBy mpaBuiibHEE
MPEICTaBIATE ce0e COCTOSHHE KaK OIpPENeNeHHYI0 KOH(UTYpaIluio BceX
gactur. [lepexon m3 omHOW KOHPHUTYpamud B OPYTYED — 3TO KBaHTOBBIH
«ckadok». Ecmu BTOpOW KOH(UTypali COOTBETCTBYET OOJbIIas YHEPTHs
(6ostee BBICOKHMIT YPOBEHB), TO UL IEPEX0a CUCTEMBI Ha 3TOT YPOBEHb OHA
JOJDKHA M3BHE IOJyYUTHh SHEPIHIO, KOTOpas He MEHee Pa3sHOCTH SHEPrui,
COOTBETCTBYIOIINX 3TUM cocTostHUAM. Ha OGonee HU3KWI ypOBEHB CHCTEMa
MOXKET HepeﬁTH CaMOIIPOU3BOJIbBHO, HCITYCTHUB 1/136I>ITOK OHECPruu B BUIEC
H3IIy4YECHHS.

36. MoJiexkybl

Cucrema aToMOB MOXKET HAXOAWTbCS B HECKOJBKHX JHUCKPETHBIX
coctostHusX. [Ipu cocTosiHNM ¢ Hanbosiee HU3KUM YHEPIeTHUECKUM yPOBHEM
SAIpa MOTYT CONHM3HUTHCS HACTOJNBKO, 4TO oOpasyercs Mmoiekyina. Ciemyer
MOAYEPKHYTh, YTO MOJIEKyJa O00S3aTeNbHO OyNeT HMETh OMPENEICHHYIO
ycroiunBocTh. KoH(urypanus ee He MOXKET M3MEHSTHCS 1O KpaiiHeil Mepe
0 Tex TIop, I[MOKa OHAa W3BHE HE MOJIYYUT TaKyl0 3HEprHio, KOTopas
HeoOXouMa JUIsl «I0IbeMay MOJIEKYJIbl Ha 00Jiee BHICOKHMI YHEPreTHYECKHA
ypoBeHb. TakuM 00pa3oM, YCTOHYMBOCTH MOJIEKYJIBI KOJIMYECTBEHHO
OLICHMBAETCS] PA3HOCTHIO YHEPTHHU JIBYX KOH(HUTYpalUii MOJIEKYJIbI, KOTOpas,
KaK Mbl YBHJUM, SIBISETCS COBEPLICHHO OINpPENENIEHHON BEIMYHHOH. DTOT
(hakT TEeCcHO CBSI3aH C CaMOH OCHOBOW KBAaHTOBOW TEOPHH, a MMEHHO C
JMICKPETHOCTBHIO CXEMBI SJHEPT€THUECKHX YPOBHEH.

Sl moypKeH MpOCUTH YUTATENsl NPUHATH Ha BEpY, YTO 3Ta CHCTEMa HIeH
OblIa TMOJHOCTHIO TOATBEPXKICHA IAHHBIMM XUMHH, M OHa OJecTsiie
omnpaszana ceOs MpH OOBSICHEHNH BAJEHTHOCTH M MHOTUX IPYTHX JeTaei,
Kacaroluxcs CTPYKTYPBl MOJICKYJ, SHEPTHHM HX CBSA3€H, MX yCTOHYHMBOCTH
OpU pPa3TUUHBIX TeMmmoepaTypax M T. O. S roBopro 00 wu3BecTHOH
TaTIEpIOHIOHOBCKONH TEOpWH, KOTOpas, KaK s cKa3ajd, He MOXET OBITh
M3JI0XKEHa 37eCh AE€TAIBHO.

37. UX yCTOHYHMBOCTH 3aBUCHUT OT TeMIIEPaTypbl

MBI JOKHBI OTPAaHWYMTBCS PAacCMOTPEHHEM  SBICHUS, HambOoiee
MHTEPECHOTO0 C TOYKM 3pPEHUS OHMOJIOTMH, @ WMEHHO: IIPOaHAJM3HpOBaTh
YCTOWYHMBOCTh MOJIEKYJ TPH Pa3HBIX Temmeparypax. [Ipumem amst Hauana,
YTO Halla CHCTEMa AaTOMOB JEHCTBUTEIBHO HAXOAWTCA B Hambosee
HU3KO3HEPreTHYecKOoM cocTOsiHMK. Pu3uK Ha3Basl Obl €e MOJEKYJIOH NpH
TeMIepaType, paBHOH aOCOTIOTHOMY HYJIIO.
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UroObl momHAT, e€e Ha Omwkalmmii Oosiee BBICOKHI  ypOBEHb,
HEoOX0AMMO CHAaOAUTH €€ OINpeeNieHHBIM KOoJMYecTBOM sHeprud. Ilpomie
BCETO 3TO CJIENaTh, €CIHM «HATPETh» MOJIEKyTy. Bbl momemnaere ee B yCIoBHA
Oosiee BBICOKOW TeMITepaTyphl (TEIUIOBYIO OaHIO), MTO3BOJISS TaKUM 00pa3oM
JIPYTAM CHCTeMaM (aToMaM, MOJICKYJIaM) YAapsIThCS O Hee.

W3-3a MOJIHOM XaOTHYHOCTHU TETIOBOTO ABMKEHHS HENb3s TOYHO yKa3aTb
TEMIIepaTypy, TpPH KOTOPOW HENPEMEHHO M HEMEMJICHHO IPOU30HAET
«mepexol» MOJIEKYJbl B Jpyroe cocrosHue. BepHee, mnpu Bcsikol
TemriepaType (Bbllle aOCOIIOTHOIO HYJISl) UMEETCsl OlpeielieHHas!, 0oJbliast
WU MCEHbIIadg, BEPOATHOCTb IMOJAbEMA €€ Ha HOBBIN YPOBEHb, IPUYEM OTa
BEPOATHOCTb, KOHEYHO, YBCIMYUBACTCA C IIOBBIIICHUEM TEMIICPATYPhI.
Hawnmyunmii cioco6 BBIpa3uTh 3Ty BEPOSITHOCTh — yKa3aTh CPEAHEe BpeMs,
KOTOPOE CJIEAYET BBIKAATh, IOKA IPOU30IIET 3TOT MOABEM, TO €CTh YKa3aTh
«BpEMS OXKUTAHUSD.

ITo ganueiM M. Ilomaweu u E. BI/IFHepa3, BpEMSI OXKUIAHUSI 3aBUCUT
MPEUMYIIECTBEHHO OT OTHOUIEHWsI ABYX dHepruil. OmHa W3 HUX — Ta
pa3sHOCTh JHEpruil, KoTropas HeoOXoauMma Uil TOABbEMAa MOJIEKYJIbl Ha
cienyromuii ypoBeHb (HazoBeM ee W), a gapyras XapaKTepuU3yeT
MHTEHCUBHOCTH TEIUIOBOT'O JABWXEHHUS NPU JaHHOU Temrieparype (0603HauuM
aOCOJIIOTHYIO TeMmIepaTypy OykBoi 7, a 3Ty XapaKTepUCTHKY — 1<T)4.
[ToHATHO, YTO BEPOATHOCTH IOJBbEMa MOJIEKYJHl HA HOBBIH YPOBEHb TEM
MEHBIIE ¥, 3HAYUT, BPEMsI OKHIaHHS TeM OOJbllle, YeM BBIIIE CaM YpOBEHb
10 CPaBHEHMIO CO CpeIHEH TEeIIOBOW SHepruel, MHaue roBOps, YeM BBIIIEC
otHommeHne W : k7. Camoe yIOMBUTEIBHOE 3TO TO, YTO BPEMs OXHUIAHUS
CHJIPHO 3aBHUCHT OT CPaBHHUTEIBHO MaNbIX M3MEHEHWH otHomenus W : kT.
Hanpumep (o dens0proky), mus W, xotopoe B 30 pa3 Gombine k7, Bpems
oxxumanus Ooyzaer Bcero 0,1 cekyHIBI, HO OHO IMOBBIMIAaETCS 10 16 Mecsles,
korna W B 50 pa3 6omnbiue k7, u go 30000 ner, korga W B 60 pa3 6omnbie k7!

38. Mamemamuueckoe omcmynienue

[To-BUIMMOMY, MIMEET CMBICH BBIPA3UTh HA MaTEMaTHUECKOM SI3bIKE (ISt
TEeX 4YWTarenedl, KOMy OTO JIOCTYITHO) TIpPHYHHY TaKOH OTpPOMHOMN
YYBCTBUTEILHOCTH K M3MEHEHUSIM B YPOBHSIX WJIM TEMIlEpaType W CAENaTh
HECKOJIBKO (pr3MYecKux 3aMedaHuil. [[piaiHa 9yBCTBUTEIFHOCTH B TOM, YTO
BpeMsl OKHJAHWS, HA30BEeM €ro #, 3aBUCHT OT OTHomeHus W : kT kak
9KCIOHEHIMANbHAst QYHKIHA, TO €CThb [ = ze," /.

3 Zeitschrift fir Physik, Chemie (A), Haber-Band, S. 439, 1928.

4 k — noctosiHHas bornbuMaHa, Benn4YMHa KOTOpPOW u3BecTHa; 3/2 kT —
CpefHss KMHeTU4ecKas 3Heprusa atomMa rasa npu temnepaTtype T.
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IIpu sTOM T — HekoTOpas Manas KOHCTaHTa MOpsIKa 10" wm 107
cekyHIpl. Tak BOT, 3Ta OJKCIIOHEHIWanbHAs (QYHKIUS HE ClydaiHas
BesimanHa. OHAa MHOTOKPAaTHO BCTPEYAETCsI B CTATUCTHUECKON TEOpHH
TEpMOJIMHAMUKHK, 00pa3ysi Kak Obl ee CIUHHOW Xxpeber. DTo — Mepa
HEBEPOSITHOCTH TOTO, YTO KOJIMYECTBO IHEPTUH, PABHOE W/, MOXKET CIIydaitHO
CKOIUTHCS B HEKOTOPOH OMNpEeAeTIeHHOM 4YacTH CHCTEMBI, U MMEHHO 3Ta
HEBEPOSITHOCTh BO3PAcTaeT TaK CHIIBHO, 4YTO TPeOyeTcsi MHOTOKpaTHOE
MIPEBbIIICHUE CPEAHEN SJHEPTUU kT

[HevictBurensao, W = 30kT (mpumep, NpUBENEHHBIA BBINIE) — KpaiiHe
penkuii cmyvait. To, 9TO 3TO HE BEAET K OYCHB JJOITOMY BPEMEHH OXKHIAHUS
(tomeko 0,1 cekyHIBI B HamleM IpuMepe), OOBACHIETCS, KOHEYHO, MaJloi
BEIMYNHON MHOXHTEIS T.

OTOT MHOXHTENb HMeeT ¢u3udeckuii cmbica. Ero BenmumHa
COOTBETCTBYET HOPAAKY INepHoja KojeOaHUH, Bce BpeMs MPOHCXOAAMNX B
cucteMe. Bbl Mormm ObI, BOOOLIE TOBOps, CKa3aTb: 3TOT MHOXKHTETb
0003Ha4aeT, 4To BEPOSITHOCTh HAKOIUICHUS TpeOyeMOi BETUUUHBL W, XOTs U
OYEeHb Maja, TMOBTOPSIETCS CHOBAa M CHOBA «IIPH KAXIOM KOJIeOaHHW», T..
oxomno 10" wm 10" pa3 B TeUEHHE KAXKIOU CEKYH/BI.

39. IlepBoe yrouHeHue

ITpennaras 3T cOOOpa’keHUS KaK TEOPHUIO0 YCTOWYMBOCTH MOJIEKYJH, MBI
MOJYAJIMBO MPHUHSIM, 4YTO KBAHTOBBI Iiepexoj, Ha3blBaEMBIH HaMHU
MIOABEMOM, BEJIET €CJIM HE K MOJHOM AMCCOLMAalUU, TO, 10 KpaliHel Mepe, K
CYIICCTBEHHO HHOH KOH(HUIYpallMd TeX JK€& aTOMOB — K HM30MEpPHOU
MOJIEKYJIe, KaK CKa3aJl Obl XMMUK, TO €CTh K MOJIEKYJIE, COCTOSIIIEH U3 TeX XKe
aTOMOB, HO CBSI3aHHBIX B JIDYTOM HOpSAKE (B MPHIOKEHHH K OHOJOTUH 3TO
MOJKET OBITh HOBBIM aieNb TOTO JK€ JIOKycCa, a KBaHTOBBII Iepexona Oymer
COOTBETCTBOBATh MyTalllH).

YToOBl COTTACHTHCS C TAaKOW HHTEpIIpeTalueld, B HalleM HW3JI0KCHUU
CIIeyeT MCIPABHUThH ABA MOMEHTA, KOTOPBIE 1 HAMEPEHHO YIPOCTHII, YKelast
crenaTh U3JOKEHUE Ooiee MOHATHBIM. Ha OCHOBAaHMM CKa3aHHOTO BBIIIE
MOXHO OBIIO OBI MOJYMaTh, YTO TOJHKO B CAMOM HH3KOM 3HEPreTHYECKOM
COCTOSIHUHM TpyIIa aTOMOB 00pa3yeT TO, YTO MbI Ha3bIBa€M MOJIEKYNOH, U
JTaxe Ommxaiiniee 6osiee BEICOKOE COCTOSHUE yXKE SBISIETCS YEM-TO JIPYTUM.
Ho 310 He Tak. B neificTBUTENBPHOCTH 3a CaMbIM HU3KHM JIHEPTEeTHYECKUM
SNEKTPOHHBIM YPOBHEM CIIEAYET CepHs YPOBHEW, HE CBA3aHHBIX C KaKUM-
aM00  3aMETHBIM  HM3MEHEHHEeM  KOHQWIypalum B II€JIOM, HO
COOTBETCTBYIOIINX TEM HE3HAYMTEJIHHBIM KOJICOAHHSM aTOMOB, O KOTOPBIX
MBI ynoMmsiHynH B § 38. OHm (3TH KoyebaHMs) TaKkKe «KBAHTYIOTCS», HO
paznau4ue B DHEp-

> Y1066l Npeoponets nopor W. — lIpum. nepes.
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THH 3THUX YpOBHEH HeBenuko. ClieoBaTeNbHO, yIaphl YaCTHI[ TETUIOBOM
06aHM MOTYT OBITH JOCTaTOYHBIMH, YTOOBI IEPEBOJMTH MOJIEKYIy Ha O3TH
YPOBHH YK€ TIpHM JIOBOJIBHO HHU3KOW Temmeparype. Ecmm Monekyna
MPEACTABISIET COO0H PACTSIHYTYIO CTPYKTYPY, BBl MOXKETE MPEACTaBUTh 3TH
KoneOaHNusi B BHUJE BBICOKOYACTOTHBIX 3BYKOBBIX BOJH, IE€PECEKAIOINX
MOJIEKYITy, HE IPUYIHHSS € Bpea.

Taxum 06pa3om, epBOe YTOUHEHHE HE OCOOEHHO CEPbE3HO. MBI JJOKHBI
npeHebpeub «TOHKOW KOIebaTelnbHOM CTPYKTypol» B CXE€ME YpOBHENl.
Tepmun «cienyronuii, Oojiee BBICOKHHM YpPOBEHb» HAI0 IOHUMATh Kak
CIIEIyIOIIMHA  YPOBEHb, COOTBETCTBYIOUIMH  HM3BECTHOMY  H3MEHEHHIO
KOH(UTypanuu.

Bropoe yrounenume o0bscHUTH 3HauutenbHO 40. Bmopoe ymounenue
TpyZlHEe IOTOMY, YTO OHO KacaeTcsi HEKOTOPHIX BEChbMa BaKHBIX, HO
JIOBOJILHO CIJIOXHBIX OCOOEHHOCTEH CXEMBbl MHTEPECYIOUIMX HAC Pa3IMYHbIX
ypoBHe#l. CBOOOJHBIN Mepexol OT OJHOTO M3 HHUX K JAPYTOMY MOXXET OBITh
3aTpyJHEH COBEPLIEHHO HE3aBHCHUMO OT TpeOYIOMIEHCS IOMOJHUTEIHHON
SHEpruu. B nelicTBUTENBHOCTH 3aTpyAHEHUE HE

Puc. 16. /IBa u3omMepa NpoONMJIOBOI0 aJIKOI0JIs
H H H

H—C—C—C—0—H

H I H
A

UCKITIOYAEeTCs JasKe MPH IIepexosie oT Oojiee BBICOKOTO K 0oee HU3KOMY
YPOBHIO.

Haunem ¢ sMmnpuyeckux (akToB. XMMHUKY M3BECTHO, YTO OJHA U Ta XKe
rpyIIia aTOMOB IIPY 00pa30BaHUU MOJIEKYJI MOXKET O0OBEUHATHCS OoJiee ueM
omHUM  crmocoboM. Takume  MOJIEKYJBl  HAa3bIBAIOTCS  U3OMEPHbIMU
(cocrosmmMu U3 TEX Ke YacTeH; /00¢ — TOT XKe, Uépos — 4acTpb). M3omepus
He WCKJIIOYEHWE, OHa SIBIISIETCS MpaBwioM. YeM Ooublie Moiekyna, TeMm
OoutbIlie OKa3bIBaeTCS BO3MOXKHBIX M30MepoB. Ha puc. 16 mokasan oauH w3
MIPOCTEHIINX ClTydaeB: KaXAbIH M3 JBYX H30MEPOB HPOIMIOBOTO CIUPT
COCTOHUT U3 Tpex aToMoB yraepona C, BockMu aToMoB Bogopoaa H u ogHoro
aToMa kucinopona O. ATOM KHCIIOpOJIa MOXKET OBITh PACIIONOXKEH (BCTABIICH)
MEKy JFOOBIM aTOMOM BOJOPOJIa M COCETHMM aTOMOM yriiepona. Ho Tonpko
B JIBYX CITydasx, [IOKa3aHHBIX Ha PUCYyHKE, 00pa3yloTcs pa3Hble BemecTsa. 1
OHU JICUCTBUTEIBHO pasHble. Bece mx Qusnueckue u XMMHUYECKUE CBOMCTBA
YeTKO pa3nuyarorcs. Tak jke pasnudHbl ¥ UX YHEPTUH — OHU IPEACTaBISIOT
cO0OM «pa3InYHbIC YPOBHUY.
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Puc. 17. lloreHunanbHblii 6apbep 3 MexK1y H30MePHBIMH
ypoBHsiMu 1 u 2.

CrTpenky yKa3bIBalOT MUHIMYM 3HEPTHH, TpeOyromeiics i nepexona
3

Y
1

3ameuateneH TOT (pakT, 4To 00€ MOJIEKYJbl BecbMa yCTOWYMBBL. OHH
BelyT ce0si Tak, Kak eciu Obl OHM OBUIM «HIDKHUMH YPOBHSMHEY.
CaMONpou3BOJIBHBIX IEPEXOJ0B U3 OJHOTO COCTOSIHMS B JApyroe He
MIPOUCXOIUT.

[MpuunHa 31eck Ta, 4To 00e KOH(GUIYypanuu HE SIBISIOTCS COCEIHHMHU.
Ilepexon oT omHON K ApPYrodl MOXET MPOHCXOAWUTH TOJNBKO dYepe3
MIPOMEXYTOUHbIE KOH(UTYpaIlH, COOTBETCTBYIOIIME YPOBHAM C Ooiee
BBICOKOH dHEpruei, 4eM y KaXIoil W3 3THX NBYX. [0Bops rpy0o, KUCIOPO
JIOJDKEH OBITh U3BJICYESH U3 OJTHOTO MOJIOKEHUS U BCTABJICH B Apyroe (HOBOE).
[To-BunuMoMy, HE CyIIECTBYET cllocoda caenaTh 3T0, MUHYS KOH(urypannu
CO 3HAUUTENbHO OoJice BBICOKMMH SHEPTeTHYECKUMH YPOBHSIMHU. OTO
MOJIOKEHHE MOKHO HAarJBsITHO M300pa3uTh rpaduyeckd Tak, Kak Ha puc. 17,
rae mudpamu 1 1 2 0003HAYCHBI [Ba COCTOSIHUS HITH JIBa H30Mepa, nudpoit 3
— «IOTEHUUANbHBIA Oaphep» MeXAy HHUMH, JIBE CTPENKH ITOKa3bIBAaIOT
MOABEMBI, TO €CThb 3HAUEHHs JHEPrWu, HEOOXOAWMOH Uil TOro, YTOOBI
MIPOU30IIEN MEePEX0] OT COCTOAHUS | K COCTOSIHMIO 2 MU OT COCTOSHUSA 2 K
COCTOSAHUIO 1.

Terneps MBI MOXXEM C/I€NIaTh BTOPOE YTOYHEHHE, CBOMSIIEECS K TOMY, UTO
B INIPUMEHEHHH K Onojornu Hac OyIoyT HMHTEpPECOBATh IMEPEXOJbI TOJIBKO
TAaKOro M30MEpPHOTO Tuma. VIMEHHO WX MBI WM MOJpa3syMeBalH, KOT/A
OOBSICHATIN COCTOSHHE ycToiumBocTH B § 36-38. KBaHTOBBRIA mepexon,
KOTOPBI MBI MMEJIU B BHAY, — 3TO IEPEXOA OT OXHOH OTHOCHTEIHHO
YCTOWYMBOW  MOJIEKYJSIpHOM — KoHurypaumu K  JIpyrod. DHeprus,
HeoOxomuMast [yt nepexoaa (o0o3HadeHHas HaMu 1Y), B IEHCTBUTEIBHOCTU
SIBJIIETCS HE PA3HOCTBIO JHEPruil YPOBHEW, a CTYNEHBKOM OT HCXOZHOIO
YPOBHSI JI0 IOTEHIMAIBHOTO Oapbepa (CM. cTpenku Ha puc. 17).

ITepexoapr 06e3 mNpeonoJeHUsT TOTEHIHMAILHOTO Oapbepa  MEXay
UCXOJHBIM U KOHEUHBIM COCTOSHUSIMH COBEpPILIEHHO HE TMPEeJICTaBISAIOT
MHTEpeca U He TOJIBKO IPUMEHHUTENFHO K Orostoruy. OHU abCOIIOTHO HIUYETO
HE MEHSIOT B XMMHYECKOH ycToiunBoCcTH Monekyn. ITouemy? OHu He paror
MPOJIOIDKUTENHFHOTO 3 (eKTa 1 OCTAIOTCS He3aMEUEHHBIMH, K00 KOT/1a TAKOH
Hepexo] MPOUCXOJNT, TO 332 HUM IOYTH HEMEAJICHHO CIEAYyEeT BO3BpAIICHHUE
B FICXO/IHOE€ COCTOSIHHE, TOCKOJIbKY HIYTO HE MPEISTCTBYET 3TOMY.
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V. O0cyxaeHune v MpoBepKa MOaeJIn
Jlenn0proka

Sane sicut lux seipsam et tenebras manifestat, sic Veritas norma sui et
falsi est.

Spinoza, Ethica, P. 11, Prop. 43.]

41. O0mass KAPTHUHA CTPOCHUS HACTEACTBEHHOIO
BelleCTBA

Bce u3noxeHHOe BbIIE JAET OYEHb MPOCTOH OTBET Ha BOIPOC O TOM,
CHOCOOHBI JIH CTPYKTYPBI TE€HOB, COCTOSIINE W3 CPAaBHUTEIHHO HEMHOTHX
aTOMOB, B TEYEHHME MPOJNOJDKUTEIBHOTO BPEMEHU IPOTUBOCTOSTH
HapyLIaoIeMy MOPSIOK BO3/ICHCTBUIO TETIOBOTO JIBYDKCHHUSL.
IIpennonoxuM, YTO IO CBOEM CTIPYKType TI€H SBJIETCA TUIAaHTCKOM
MOJICKYJIOH, KOTOpas CIOCOOHAa TOJBKO K JUCKPETHBIM H3MCHEHHSM,
CBOIIIMMCSL K TEPECTAHOBKE AaToMOB C 0Opa3oBaHHEM 1/130MepH01712
MOJIEKYJIBL.

[lepecTanoBKka MOXET KOCHYTBCS HEOOIBIION YACTH TeHA; BO3MOXKHO
OTPOMHOE KOJIMYECTBO TAKMX Pa3IMYHBIX INEepecTaHOBOK. [loTeHuuanbHbIE
Oapreprl, pa3IeNdionie BO3MOXKHBIE W30MEpHBIE KOH(UTypaIlud, TOTKHBI
OBITP [OCTATOYHO BBICOKMMH (IO CpPaBHEHHIO CO CpexHeil TeruioBon
SHepruel aToma), YToOBI CACTATh MEPEeX0Abl PEAKIM COOBITHEM. DTH pelKue
CO6I)ITI/I$[ MBI 6yz[eM OTOXIECTBJIATH CO CIOHTAHHBIMU MYTallUsIMH.

[Mocnenyromye yacTy 3TOH TIaBbl OyIyT MOCBSIIECHBI MPOBEPKE OOIIEH
KapTHHBI T€Ha U MyTaluHu (pa3pabOTaHHOM, IJIaBHBIM 00pa30M, HEMEIKUM
¢uzukom M.JIenb0proKOM) MyTeM NETaabHOTO CPABHEHUS ITONH KapTHHBI C
reHetudeckumMu  (aktamu. OTHAKO CHadajga MBI CIElIaeM HEKOTOPBIC
3aMeYaHus 10 TIOBOTy OCHOB M OOIIEr0 XapaKTepa 3TOM TCOPHH.

! [enctButenbHo, Kak cBeT o6HapyxuBaeT W camoro cebs, u

OKpY>XatoWy TbMy, TaK M WUCTUHA €CTb Mepuno u camon cebs, n xu. —
CrnimHosa, 31mnka, 4. 11, Teop. 43.

2

Ons ynobctBa s MPOAO/MXKal HasblBaTb 3TO M30OMEPHbIM MEPEXOAOM,
X0Tsi 6b1710 6bl HENENOCTLI UCK/YATb BO3MOXHOCTb Kakoro-nn6o obmeHa c
OKpY>KatlLlen cpeaon.
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42. YHUKAJBbHOCTb 3TOH KAPTHHBI

Tak m1 yx ObUIO HEOOXOOMMO IUIS PEIleHUs OMOJIOTHYECKOro BOIpoca
JOKambIBaThCsl 10 MIyOOYalIIMX KOpHEH U OOOCHOBBIBATH KapTHHY
KBaHTOBON MexaHukoi? IlpeamonmokeHne, 4To TeH — 3TO MOJIEKyJa,
SBJISIETCSL CErOJHs, CMEI0 CKasaTh, OOWIenpu3HaHHbIM (akrtoM. Tonbko
HEMHOr'HMe OHWOJIOTH, KaKk 3HAaKOMble, TaK W HE3HAaKOMblE C KBaHTOBOM
TEOPHEH, HE COMIACKIIUCH ObI C 3TUM. B § 33 MBI OTBaXXHJIHCH BJIOXKHTH TaKOE
NpPEAINOJIOKEHHEe B YCTa JOKBAaHTOBOrO (M3MKa KaK €JMHCTBEHHOE
000CHOBaHHOE UCTOJIKOBaHHE HaOJI0at0erocs TIOCTOSIHCTBA.
[Nocnenyromue cooOpakeHHsT OTHOCHTEIBHO W30MEPUH, IOTEHIMAIBEHOTO
Oaprepa, BakHeitmeit ponn otHomeHus W : kT B ompeneneHun BEpOsITHOCTH
HM30MEPHBIX TIEPEX0/I0B — BCE 3TO MOKHO OBUIO BEIHMKOJIETTHO BBECTH YHCTO
SMIIMPUIECKH WIIH, BO BCSIKOM Cilydae, 0e3 IpUBICUCHNSI KBAHTOBOI TEOpHH.
ITouemy e g Tak YIOPHO HACTaWBAJI HA TOYKE 3PEHHS KBAHTOBOI MEXAHUKH,
XOTsl (hakTHYecKn M HEe OBUI B COCTOSIHUM H3JIOKHTH €€ SCHO B 3TOH
MaJIeHbKOM KHUTe?

KBaHTOBass MexXaHWKa MpPEACTaBIsIeT COOOW MEepBOE TEOPETHUECKOE
MOCTPOEHHE, OOBACHSAIOIIEE HA OCHOBE MCXOIHBIX NPHUHIUIIOB BCE BUJBI
o0beAMHEeHNH  aTOMOB, (AKTHUECKH BCTpEYAIOIIMecs B  IMPUpPOJIE.
TaiiTnepioHIOHOBCKOE IPEACTaBIEHUE O CBSI3U COCTABIACT €UHCTBCHHYIO B
CBOEM poJie, CBOe0Opa3HyI0 OCHOBY TEOPHH, OTHIOIb HE BBIIYMaHHYIO JJIS
OOBSCHEHUS] XHUMHYECKOTO CPOACTBA. JTO IPEICTABICHHE BBITEKACT CaMO
c000i1 upe3BEMaiHO UHTEPECHBIM U YAWBUTEIBHBIM 00pa3oM, M BEIHYXIAIOT
Hac K HEMy COBEpUIEHHO HHBbIE cooOpaskeHHs. OKa3bpIBAaeTCsi, OHO TOYHO
COOTBeTCTBYeT (pakTaMm, HaOmIOmAaeMbIM B XHMHM, H, Kak 5 CKasadw,
COCTaBJIIET HACTOJIBKO YHUKAJIBHYI0 H IIPUTOM XOpOLIO IOHATHYIO
TEOPETUYECKYI0 OCHOBY, YTO MOJHO C JOCTaTOYHOM YBEPEHHOCTBIO
YTBEpXkKAaTh, YTO 3TO MPEICTaBJICHHE elBa JIM OyJeT 3aMEHEHO JPYTUM B
X0Jle JAJIbHEHIIIEr0 Pa3BUTUS KBAHTOBOM TEOPUHU.

CrnenoBaTrenbHO, MBI MOXEM CIHOKOHHO NpHU3HATh, YTO HET JPyroi
BO3MOYKHOCTH, KPOME MOJIEKYJISIPHOTO IPEJACTABICHUS O HaCIEeICTBEHHOM
BemectBe. Ecnmm  Ob1  mpencraBieHue  [lennOproka — okasajoch
HECOCTOSITENILHBIM, HaM IPHUILUIOCH ObI OTKA3aThCs OT JATbHEHIINX HOIBITOK.
OT0 nepBoe MOJIOKEHHUE, KOTOPOE 51 XOUY OTMETHTD.

43. HekoTopble TPAJAUIUOHHbIE 320/1yKIeHUS

Ho nefictBuTeNnsHO 1M, KpOME€ MOJIEKYJ, HET APYTHX YCTOWYHMBBIX
CTPYKTYp, COCTOSIIMX H3 aToMoB? Pa3Be, Hampumep, 305I0Tasi MOHETa,
3aXOpOHEHHAs! HECKOJIBKO THICSUEIICTHI Ha3a/l, He COXpaHseT n3o0pa-
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JKEHUS, BBIYEKAHEHHOro Ha Heil? MoHeTa COCTOMT U3 OIrPOMHOIO
KOJMYECTBA aTOMOB, HO, KOHEYHO, Mbl HE CKJIIOHHBl B JIaHHOM Clly4yae
TIPUTTUCHIBATH MTPOCTOE COXPaHEHHE (YOPMBI CTATUCTHKE OONBIIIX YHCEI.

DTO0 BaXHOE 3aMeYaHHe MPHUMEHHMO W K HCKYCHO c(hOpMUpOBaHHBIM
KPUCTAJUTMYECKUM arperaTam, KOTOpBIE MBI BCTpeYaeM B BHJE BKIIOUCHUI B
TOPHBIX TIOpOJaX, TN€ OHAa COXPAaHSIOTCI 0Oe3 HW3MEHEHHsS B TEYCHUE
HECKOJIbKUX T'€0JIOTHIECKHUX TIEPHUOJIOB.

DTO MPUBOIHUT HAC KO BTOPOMY TOJIOKEHHUIO, KOTOPOE 51 XOUy OOBSICHUTD.
Monekynbl TBEpJOro Tejla U KpucTalljia Mo CyTH HUYEM JAPYr OT Jpyra He
OTIIMYaroTCs. B cBeTe COBpeMEHHBIX 3HAHUI OHU COBEPIIIEHHO OJMHAKOBHI. K
COXKAJICHHIO, B IIKOJBHBIX YYCOHHKAX H3JI0KEHHE 3TOTO BOMPOCAa HOCUT
TPaJULIMOHHBIA XapaKTep, Temepb YXKe YCTapeBIIMA U 3aTPYIHSIOMIMIA
TTOHUMAaHHE JICHCTBUTEIILHOTO MOJI0KEHHUS BEIIICH.

B camom pene, TO, YTO MBI YYWIH B HIKOJIE OTHOCUTENIBHO MOJIEKYJI, HE
JAeT TIPESICTABICHHUA O TOM, YTO OHH TOpaszno Oojiee CPOOHH TBEPIOMY
COCTOSIHUIO, YeM JKHIKOMY W Tra3oo00pazHoMy. HampoTtuB, Hac yummm
TIIATENEHO TPOBOAWUTE DPA3NUUNE MEXKIY (PH3MUECKHMH IpeBpaIleHISIMHA,
MOJOOHBIMH TUIABJICHUIO WIM WCIAPEHUIO, B KOTOPBIX BCE MOJIEKYJIBI
COXpaHSIOTCS (HampHMep, MPONHUIIOBEIA CIIUPT HE3aBUCHMO OT TOTO, TBEP.
U OH, KMJIOK WM Ta3000pa3eH, Bcerga coctouT u3 moiekyn C,HgO), u
XUMUYECKUMH U3MEHEHUSMHU, HallpUMep, CTOpaHUeM CIIUpTa

CQH()O + 302 = 2C02 + 3H20,

rae MOJEKylda CHHpPTa W TPH MOJIEKYNBl KHCIOpOJAa TIOABEPTaloTCs
MepecTporike, 00pasys BE MOJEKYJIbl YIIEKUCIOTO Ta3a W TPH MOJEKYIIBI
BOJIBI.

Hac yummu, 9ro KpuCTamuibl O0pa3yioT TPEXMEpHYI0 HEPHOIHMYECKYIO
pelIeTKy. JTa MPOCTPAaHCTBEHHAs PEIIeTKa HHOT/Ia MOXKET OBITh pacucHEeHa
Ha COCTaBIISIONIME €€ SYEeUKH EJIMHUYHBIX MOJIEKYJ, KaK, Hampumep, B
cllydae CIiMpTa U MHOTUX JPYTUX OPTaHUYECKUX COeIUHEHUH.

B npyrux xpucramiax, HanpuMep B Kpucrauiax kameHHoi conmu (NaCl),
Mosiekyssl NaCl He MOTYT OBITH BBIWICHEHBI, IOTOMY YTO KaXKIBI aToM
HATPUS CUMMETPHYHO OKPY>KEH IIECTHI0 aTOMaMH XJIopa M Hao0OpOT, Tak
YTO CTAHOBHTCS TOYTH YCJIOBHOCTBHIO MOIBITKA PAacCMATPHBATh OTICIHHBIC
Tapbl ATOMOB B KAYECTBE COCTABILIIONINX OHY MOJICKYITY.

Hakomen, Hac yumim, 4Yro TBEpAOE TeIO MOXKET OBITh JHOo
KPUCTAJUTMYECKUM, JTHO0 aMOP(HBIM.
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44. Pa3im4HbIe COCTOSIHUSI MATEPHH

S, npaBma, He cranm Obl TOBOPHTh, YTO BCE 3TH YTBEPKACHHA U
OTIpEJICTICHUS] COBEPIIEHHO HEBEPHBI. [/ MpakTH4ecKux Liesieil OHU nHOTga
none3Hsl. Ho B OTHOLIEHNMM WCTUHHOM CTPYKTYpbl MaTepHM TI'PAHHULBI
JIOJDKHBI OBITH POBEJCHBI COBEPIIEHHO HHBIM 00pa3oM. OCHOBHOE pa3inine
JISKUT MEXLy IByMsI CTPOUKAMHU CIEIYIONIEH CXeMBl «ypaBHEHUI»:

Morekyiaa = TBepmoe Teno = kpuctaut ['a3 = xuakocth = amopdHoe
TEJIO.

Mpbl JO0JKHBI KPaTKO MOSICHUTh 3TH YTBEpXIeHMs. Tak HazbIBaeMble
amMop(HBIE TBEpHbIE Tella B JEHCTBUTENBLHOCTH OKAa3bIBAIOTCS JIMOO He
WCTHHHO aMOp(HBIMH, JMOO HE WCTHHHO TBEpAbIMH. B  «aMopdHBIX)»
BOJIOKHAX JIPEBECHOTO YIS C TOMOIIBIO PEHTTCHOBCKHX JIydel 00Hapy>KEHbI
pyOVMEHTapHBIE CTPYKTYypHl KpuCTawioB Tpadura. Takum oOpazom,
JPEBECHBIN yroib OKAa3bIBACTCS TBEPABIM TEJIOM, HO B TO K€ BpeMs H
KpuctauioM. Eciu B KakoM-TO Tene Mbl HE HAaXOJUM KPHCTaJUIMYECKOMH
CTPYKTYPBI, MbI JIOJDKHBI PACCMATPUBATh €T0 KaK KHIKOCTh C OY€Hb BBICOKOM
BA3KOCThIO (BHYTpEHHMM TpeHHeM). Ilo oTCyTCTBHIO y Takoro BelllecTBa
ONpEe/ICICHHON TeMIlepaTypbl IUIaBICHUS W CKPBITOM TEIUIOTHI IUIaBICHUS
JIETKO OOHAPY)XUTh, YTO OHO HE SIBJISIETCS MCTHHHO TBepAbIM TenoM. Ilpum
HarpeBaHWH OHO TMOCTENIEHHO pa3MsArdaercss W 0e3 pe3Koro mnepexoja
MpeBpaIaeTcsl B KUAKOCTh. (I BCIOMHHAIO, YTO B KOHIIE NIEPBOH MHPOBOM
BOMHBI HAM B KauecTBE 3aMEHUTENSI Kode BBIIAaBaIM BEIIECTBO, TOX0XKEe Ha
acanpr. OHO OBUIO HACTONBKO TBEPIBIM, YTO TPEOOBATOCH AOJOTO HIIH
TOIIOPHK, YTOOBI Pa3ApOOWTh €ro Ha KycKH, W Torma OOHapyKHBAJICsS
TIITHIEBUTHINA paziaoM. Ho ¢ TedeHneM BpeMeHH 3TO BELIECTBO BENO ce0sl Kak
JKUJKOCTh, IUIOTHO 3allOJIHSSI HIDKHIOIO 4acTh COCYZa, €CJIH BBl HMMENH
HEOCTOPOXKHOCTh OCTABUTh €TO TaM Ha HECKOJIBKO JHEH.

HenpepbIBHOCTh Ta3000pa3HOr0 W IKHIKOTO COCTOSHHH — XOPOLIO
U3BECTHBIN (hakT. Bbl MoOXeTe MpeBpaTHTh B XHIKOCTh JIIO0OH ra3 0e3
pe3koro nepexoza, u30paB MyTh «B 00XOM» TaK Ha3bIBAEMOW KPHUTHYECKOMN
TOYKH.

45. Pazan4uue, KOTOpoe 1eHCTBUTEIbHO
CYLLECTBEHHO

Mp1 pazoOpann B cxeMe Bce, KpoMe TIaBHOTO, a IJIaBHOE 3aKJII0YAeTCs B
TOM, YTO MBI XOTUM PAaCCMaTPUBATh MOJICKYIIy KaK TBEPIOE TEIO-KPUCTAII.
OCHOBaHHEM IJIsI 3TOTO CIYXXHT TO, YTO aTOMBI, 0Opa3yloIlie MOJEKYIy,
OyZeT M1 MX MHOTO MJIM MaJlo, CBA3aHbl CHJIAMU TOYHO TaKOM ke
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HOPUPOABI, KaK M MHOTOYMCIEHHBIE aTOMBI, M3 KOTOPBIX IOCTPOEHO
UCTHHHO TBEPJ0€ TEI0-KPUCTAILN.

Mornekyna, wWMeOLas MPaBWIBHOE MEPHOIUYECKOE pACIIONIOKECHHUE
COCTaBJISIIOLIMX €€ YaCTHLI, SIBJISETCS KPUCTALIOM. BermoMumTe, 9TO M3 3TOTO
JKE€ TIPEACTAaBJICHUS O NPABHIBHOCTH MbI HCXOIUM MpPU OOBSCHEHHH
MOCTOSIHCTBA TeHa!

B ctpykType MaTepun AEHCTBUTENBHO BaXKHO, CBSI3aHBI JIH MEXAY c0o00i
aTOMBI TalTIEP-TOHAOHOBCKMMH CHJIAMHM, ONPEICISIOMNMU CTaOUIBHOCTb
KPHUCTaJNINUECKOW CTPYKTYpBI, WM HET. B TBepoM Telle U B MOJIEKYyJle OHU
CBS3aHBI, B Ta3e, COCTOAILIEM M3 OTIENBHBIX aTOMOB (HampHUMep, B Mapax
pTyTHn), Her. B rase, cocrosimieM K3 MOJIEKYJ, aTOMBI ITOJOOHBIM 00pa3oM
CBSI3aHBI TOJIBKO BHYTPH MOJIEKYIIL.

46. Anepuoanyeckoe TBepaoe TeJI0

HeOomnpuryto MoneKyidy MOXKHO Ha3BaTh «3apOABIIIEM TBEPIOTO TEIa».
Hcxons U3 Takoro MajaeHbBKOTO TBEPAOIO 3apOABIIIA, OYEBHIHO, BO3ZMOMKHO
Npe/ICTaBUTh Cce0e JBa pa3iM4YHBIX IYTH HOCTPOSHMS BCe OONBIIMX H
Oonpimx accouuanuii. OJUH — 3TO CPaBHHUTENBHO OJHOOOPa3HBIA MYTh
[IOBTOPEHUsSI CHOBA U CHOBAa OJHOM M TOW K€ CIPYKTYpel B Tpex
HanpaBineHusx. Tak pacter kpucrami. Eciu neproaudHOCTh yCTaHOBUIACK,
TO Y€ HET ONpPEJEeIICHHOTO Mpeena Ul pa3Mepa Takoro arperata. [Ipyroi
IyTb — IOCTpOEHME Bce Ooiiee U Ooiiee yBEIUUUBAIOIIErOCa arperara 0es3
CKYYHOTO MEXaHHM3Ma MOBTOPEHHs. JTO Cilydail Bce Ooiiee u Oosee CIIOKHOU
OpPraHUYECKON MOJIEKYNbI, B KOTOPOIl KaXblil aTOM, KaXx/1asi FpyIIa aTOMOB
WrpaeT HMHAVBHIYAlbHYIO pOJIb, HE BIIOJHE PAaBHO3HAYHYIO POJIM APYIHX
aTOMOB M TpyNI aTOMOB. MBI MOXKEM COBEPIIEHHO TOYHO HAa3BaTb 3TO
0o0pa3zoBaHHE AaNepHOJUYECKHM KPHUCTAIOM MM TBEPABIM TEIOM H
BBIPA3UTh HAIlly THIIOTE3Y CIOBAMM: MBI I10JIaraeM, YTO T'€H WU, BO3MOXKHO,
enas XpoMOCOMHast HHTE IpesCcTaBIsIeT co00H aneprogudecKoe TBEpAoe
TENO.

47. PazHooOpa3Hoe cojiep:KaHue, c;KaToe /10
MHUHHATIOPHOTO KOJa

YacTo 3amaloT BOIPOC, KaK Takasg KPOIIEYHAs YaCTHYKa BEIIeCTBA —
SAOpO  OIUIOJOTBOPEHHOTO  SHIIa —  MOXKET BMECTUTh  CIIOXKHBIA
mmQpoBaNbHBIA KON, BKIIOYalommii B cebs Bce Oymymiee pasBHTHE
opranu3ma? Xopouio yHOpsSJAOYeHHAs accolhalvs aTOMOB, HaJeleHHas
JIOCTaTOYHOM yCTOMYMBOCTBIO JJIA UIMTENBHOTO COXpPAHEHUs CBOEU
YHnopAA04Y€HHOCTH, MPEACTABIACTCA €AMHCTBEHHO MBICITUMON MaTepHaHLHOfI
CTPYKTYPO#i, B KOTOPOIl pa3HOOOpa3re BOSMOXKHBIX («A30MEPHBIX))

TO, YTO OHa OT/IMYaeTCss BbICOKOW FVI6KOCTI:I’O, HE MOXEeT CNyXuTb
BO3pa>XeHneMm; TakoBa U TOHKad MeaHad npoBOJioKa.
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KOMOMHAIMH JI0CTaTOYHO BEJIMKO, YTOOBI 3aKJ0YaTh B ceO€ CIIOKHYIO
CHCTEMY JE€TEpPMHHAINY B [IPEEIaX MUHUMAIBHOTO IIPOCTPAHCTBA.

JleHcTBUTENTBHO, HE HAal0 OCOOCHHO OOJIBIIOTO KOJMYECTBA AaTOMOB B
TaKOM CTPYKType, dYTOOBl OOECIeYHTh MOYTH Oe3rpaHNYHOE HYHCIIO
BO3MOXHBIX KoMOuHanmii. [y mpumepa BcriomHUTE 00 a30yke Mopse. [IBa
pasnuuHBIX 3HaKa (TOYKa M THPE), PACIOJIOKEHHbIE B OIPEICICHHON
MOCJIEI0OBATENILHOCTH M COCTABJISIIOLINE TPYIIBI C YUCIOM 3HAKOB HE Ooiee
YeThIpeX, MO3BOJISIIOT 00pa3oBaTh 30 pa3nuuHbiX OykB. Eciu Obl MbI K TOUKE
U TUpe N00aBWIM TPETHH 3HAK M B3SJIM TPYIIIBI, BKIIOYaromue He Ocosiee 10
3HaKOB, TO MOTJM Obl 00pa3zoBaTh 29524 pasnuyHbIX «OYKBBIY; C TATBHIO
3HaKaMM W JIBaJUATHUIIATU3HAYHBIMU T'pylIaMu  KOJHUYCCTBO ((6yKB>)
coctaBmio 061 372 529 029 846 191 405.

MoxxHo ObUIO OBl BO3pa3WTh, YTO ATO CpPaBHEHHE HETOYHO, TaK Kak
a3byka Mop3e cocTOMT U3 pa3IMYHBIX KOMOWHAIMA TOYEK M THpE
(Hanpumep, * — — U * * — ) U TaKUM 00pa3oM, CIy>KUT IIJIOXOH aHaJIOTHei
HM30MEpHH.

Yro6bl yCTpaHHWTh 3TOT HEIOCTATOK, BHIOEPEM M3 TPETHETO IIpHUMEpa
TOJBKO KOMOWHAINH, BKJIIOYAIOIINE TOYHO 25 3HAKOB U POBHO IISITh 3HAKOB
KaXXIOT0O HaMEUeHHOTro Twma (TATh TOYeK, IATh THpe W T.1.). [pyOsiid
MOJICYET JIaeT YMCII0 KoMOuHanmii, pasHoe 62 330 000 000 000, rae B mpaBoii
YacCTH CTOAT HYJIM BMECTO HI/I(bp, KOTOPLIC s HE Jajl 0666 TpyJa BbIYUCIINUTD.

KoHneuHo, B AE€HCTBUTENBHOCTH JaleKO He KakKaas KOMOWHAIWS TPYIIIBI
aTOMOB OYJIET NPEJCTaBIISITh BO3MOKHYIO MOJIEKYITy; OoJiee TOro, He MOXKET
OBITh M pEYd O TOM, YTOOBI KOJ OBLI BBIOpAH MPOU3BOJIEHO, TaK Kak
mUGpPOBATIBHBIA  KOJ  JOJDKEH  SIBJIATBCS  OJHOBPEMEHHO  (aKToOpoM,
BBI3BIBAIONINM PA3BUTHE.

Ho BbIOpaHHOE B mpHMepe KOJMYECTBO «aTOMOB» (25) Bce-Taku elme
OYEeHb Majo, W 3TO JIMIIb NPOCTEHIINHA CIydall pacrojIOKEHHS UX B OAHY
JVHUIO. DTUM MBI XOTEIH MPOUILIIOCTPUPOBATH, YTO, IIPEACTABUB I'€H B BUJIC
MOJIEKYJIBI, MBI HE MOJKEM CUYHMTaTh HEMBICIMMBIM TOYHOE COOTBETCTBHUE
MHUHHATIOPDHOTO  MH(POBAIBHOTO  KOAA  YPE3BBIYAHHO  CIIOKHOMY,
cnenu(pUIecKkoMy IUTaHY pa3BUTHS OpraHu3mMa. Mbl HE MOXKEM TaKKe
CUUTATh HEMBICIUMBIM U COJIEp)KaHHE B HEM (DaKTOPOB, PEATH3YIOLINX STOT
TUIaH.

48. CpaBHeHue ¢ paKkTaMHu: CTeNEeHb YCTOMYNBOCTH;
NPEePbIBUCTOCTH MyTAIlIMH

Tenepb, HaKOHEI, MBI TIepeiieM K CPaBHEHHIO TEOPETHIECKOH KapTHHBI C
OnoyormyeckuMu (aktaMd. MoXXeT 1M 3Ta KapTHHAa JeHCTBUTENHHO
OOBSICHATH HAONIOJAEMyI0 HaMH BBICOKYIO CTENEHb ITOCTOSTHCTBA?
[lpuemsieMbl M TOPOrOBBIE 3HAYCHUS TpeOyeMOHl BENWYMHBI —
MHOTOKpPaTHbIE IPOU3BEACHUSI CPEAHEN TEII-
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JOBOH »HepruW k7, HAXONATCS JIA OHH B TpeAeliaX H3BECTHBIX U3
00BIYHON XMMHHU? DTO TPUBHAIBHBIC BOMPOCH. Ha HHUX MOXHO OTBETUTH
YTBEpAUTENBbHO. BpeMs jKU3HU MOJIEKYII JIF000TO BEIIECTBa, KOTOPOE XUMHK
crioco0eH BBIOCTUTHh TPU AAHHOW TeMIepaType, INODKHO H3MEPATHCS I10
KpaifHelt Mepe MUHyTaMHd. (DTO elle cKa3aHO MSTKO; KakK IMPaBUIIO, HX BpEeMs
JKH3HH TOpas3fno Oosbime.) Takum 00pa3oM, MOPOrOBbIC 3HAYCHHS, C
KOTOPBIMH CTaJIKMBAETCsl XMMHUK, HEM30€KHO MMEIOT UMEHHO TOT IMOPSIOK
BEJIMYMHBI, KOTOPBIM HYXXEH, YTOOBI OOBSICHUTH IPAKTUIECKH JIO0YIO
CTEIeHb TIOCTOSIHCTBA, C KaKOW MOXET CTOJKHYTbcsi Ouonor. M3 § 37 mbl
3HaeM, YTO MOPOroBasi PHEPTUs, BEJIHMUYMHA KOTOpOH BapeupyeT oT 1 10 2
3JIEKTPOHBOJIBT, MOKET OOECICUUTh BPEMs JKU3HH OT JOJICH CEKYHIBI 10
JIECSITKOB THICSY JIET.

3nayeHus oTHOMICHUs W : kT, ymOMSHYTBIC TaM JIs IPUMEpa U PaBHEIC
30; 50; 60, obycnaBnmuBatoT Bpems xu3nu 0,1 cex, 16 mecsies, 30 000 ner,
YTO TP KOMHATHOW TEMIIEpaType COOTBETCTBYET IOPOTOBBIM 3HAYCHUSIM
snepruu 0,9; 1,5; 1,8 31eKTpOHBOJBT.

Envaumna m3MepeHus >HEepPTrum «dJIEKTPOHBONBT» yH0OHA I (u3mKa,
MOTOMY YTO OHa OYeHb HarjinHa. Hampumep, 1,8 snexTpoHBONBTA 0O3HAYAET,
YTO 3JEKTPOH, YCKOPSIEMBIA pa3HOCTHIO IMOTEHIHAJIOB OKOJIO 2 BOJBT, IMEET
KaK pa3 JOCTaTOYHYIO SHEPIHI0, YTOOBI BBI3BATH yIApPOM IEPEXOJa OIHOM
CTPYKTYpBI B JIpyryio. ([ cpaBHEHHUsS CKaxy, 4TO Oarapes KapMaHHOI'O
(oHapuKa UMeeT HaNpsDKEHKE 3 BOJIBTA. )

DOTH CcoOOpaKCHUs JEal0T TOHATHBIM TOT (DakT, YTO H3OMEPHOE
U3MCHCHUE KOH(UTYpalud B ONPEACICHHOW 4YacTW HAIlled MOJCKYJIHI,
MPOU3BEICHHOE CIyYalHOW (hIyKTyanueld KoieOaTelnbHON YHEPTUH, MOXKET
NEHCTBUTENFHO  OBITh  JOCTAaTOYHO  pPEOKUM  COOBITHEM,  YTOOBI
HCTOJKOBEIBATECSA KaK CAMONPOW3BONBHAS MyTamus. TakuMm oOpa3zom, ¢
TTOMOIIBI0 TPUHIIMIIOB KBAHTOBOH MEXaHUKH MBI OOBSICHAEM Hamboiee
YAWBUTENBHYI0O OCOOCHHOCT MYTalliid — OCOOCHHOCTh, BIEpPBBIC
MpUBJIEKITyI0 BHUMaHHe Ae Dpm3a, a UIMEHHO TO, YTO OHHU OKAa3BIBAIOTCS
CKa4KOOOpa3HBIMH H3MEHEHUSMH, MPOUCXOMSIIMMHA 0€3 MPOMEXYTOUHBIX
COCTOSIHUH.

49. YcTONYUBOCTDH I€HOB, MPOLIEIIINX
€CTeCTBEHHBIN 0TOOP

VYCTaHOBHB, YTO €CTECTBEHHAs 4YacTOTa MyTallUil yBEIUYMBAETCS IO
JEWCTBHEM PA3IMYHBIX BUJIOB HOHU3UPYIOUINX M3IyIEeHHH, MOXHO OBIIIO OB
Ipearoararb, 49TO 3Ta €CTECTBEHHAs YacTOTa MYyTallUd ONpeaesseTcs
pPagMOaKTUBHOCTBIO TOYBBI M BO3IyXa, TaKXKe HHTCHCHBHOCTBIO
KOCMHYECKOTO U3ITyUCHHU.

OpHaKo KOJMYECTBEHHOE CPABHEHUE C PE3yIbTaTaMH JCHCTBUS PEHTIE-

[peaunrep 2. Uto takoe xu3Hb? Ousnueckuil aCeKT )KUBON KIETKU. —
Mocksa-Uxesck: HULL «PerynspHas u xaoTuueckast tuHaMukay, 2002. 92 c.


http://yanko.lib.ru/
http://yanko.lib.ru/gum.html
http://yanko.lib.ru/

Anko Cnasa (Bubnnoteka Fort/Da) || http://yanko.lib.ru 69

69

HOBCKHX JIy4ell MOKa3bIBAaeT, YTO E€CTECTBEHHOE H3JIYYCHHE CIHUIIKOM
cmabo ¥ MOXeT ObITh OTBETCTBEHHO TOJBKO 3a HEOOJBLIYI0 4YacTh
€CTECTBEHHO! YaCTOThI MyTALIOHHOTO MPOIIECCa.

Ecim Ham OpHXOOHMTCS OOBSICHATH DEIKHE ECTCCTBEHHBIE MYTAIMH
CIyYalHbIMH (IIYKTYyalsIMH TEIUIOBOTO JBIDKEHUS, TO MBI HE IOJDKHBI
0COOEHHO yIMBILSITBCS, 4TO IlpHpoia cymena MPOBECTH TOHKUE BBIOOp
HOPOTOBBIX 3HAYCHHH JHEPIUH, HEOOXOAMMBIX, YTOOBI CHEIATh MyTaLHd
PEAKUME COOBITHSIMH. YK€ PAHBILE MbI HPHIIUTH K 3aKIIOUYCHHUIO, YTO YACTHIC
MyTaluu ObUTH OBl MaryOHBI JUIS 3BOMIONMH. WHIUBUAYYMBI, MMOTyYaroIIue
MyTeM MyTallid TEHHble KOH(QHIYpalMd HEeIOCTaTOYHOH YCTOWYMBOCTH,
HMEIOT MaJI0 MIAHCOB HAa TO, YTOOBI HX «YyJbTpapavKaibHOE», OBICTPO
MyTHpYIOIlee MOTOMCTBO IIPOCYIIECTBOBAJIO OYeHL Joiro. B mporecce
€CTEeCTBEHHOT0 0TOOpa BHJ OyeT 0CBOOOKIATHCS OT HUX M, TAKUM 00pa3oMm,
HaKaIUIMBaTh YCTOWYUBBIC TCHBI.

50. UHoraa MyTaHThbl MeHee YCTOMYMBBI

Y Hac, KOHEYHO, HET OCHOBAaHHUW OXKHMJATh, YTO MYTAHTHI, OSBISIOLIHECS
B OKCIIEPUMEHTaX 10 CKpPEIIMBAHWUIO M OTOMpaeMble ISl HM3YYEHHs HX
MOTOMCTBA, BCE OyIyT IPOSIBISTH TAaKylO K€ BBICOKYIO CTaOMJIBHOCTB, OO
OHU ellle He OBLIM «HCIBITAHBD», a €CIIM U OBUIM, TO B JUKHUX TOMYJISIHIX
OKa3aJIMCh «OTBEPTHYTHIMH» M3-3a CIIUIIKOM BBICOKOWH MyTabOenbHOCTH. Bo
BCSIKOM CITyyae Hac COBCEM HE YIMBIIET, YTO HEKOTOPHIE U3 3THX MYTaHTOB
OOHApYXUBAIOT 00JIee BBICOKYIO MyTa0eIbHOCTh, YeM HOPMAJIbHBIC «IHKHC
TCHBL.

51. Temnepatypa BJIMsieT HA HEYCTONYHMBbIE TeHbI
MeHbIIIe, YeM HA YyCTOM4YuBbIe

910 JAa€T HaM BO3MOYXHOCTH IIPOBEPUTH HAIly q)OpMyJ'[y MyTa6eJ'II)HOCTI/I,
KOoTOpas UMECT BUT

t = e/

(Hamomunato, 910 ¢ — 3TO BpeMs OXHIAHUS MYTalUd C IIOPOTOM
sHeprun W.) CrpammBaercsi, Kak OyOeT M3MEHSATHCS ! B 3aBUCHMOCTU OT
TemrepaTypsl. V3 mpeapinymmeit (opMyIisl ¢ XOpOIIMM HPUOIMKEHHEM MBI
JETKO HAaxXOJUM OTHOLIEHWE 3HadeHus ¢ mpu Temmeparype 7 + 10 k
3HAYEHMIO / TIpH TeMneparype 7:

try1o — e—ww/k'r?_
lr

[TockonbKy TOKa3aTenb CTEMEHH B JTOH (opMyle OTpHIATelNeH,
OTHOIIIEHWE, €CTECTBCHHO, OKAa3bIBA€TCS MEHBIIE CAWHMIBI. Bpewms
OKHJJaHNSI YMEHBIIAETCS C MOBBIIICHHEM TEMIIEPATyphl, & MyTaOeIbHOCTh
Bo3pacraeT. Ho 3ToO MOXHO NMPOBEPUTh U JEHCTBUTEIBHO OBUIO MTPOBEPEHO
Ha MyIII-
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ke Drosophila B Tipenenax TeMmeparypbl, KOTOPYIO BBIICPKHBAET 3TO
HacekoMoe. PesynbraT ObUT Ha NEpBBIA B3MIAA YIAMBHUTEIBbHBIM. Huskas
MyTa0eNbHOCTh AUKUX T€HOB OTUYETIIMBO BO3POCIA, & CPABHUTEIBHO 6bICOKAA
MyTa0elbHOCTh, HAOMIONAIOMIAsCS Y HEKOTOPHIX YK€ MYTHPOBABIINX I'CHOB,
BOOOIIIE HE M3MEHUIACh WM yBEIMYMBAIACH HE3HAYUTEIFHO. JTO KakK pa3 To,
Yero Mbl 0’KH/IaeM IIPH CPAaBHEHUH HAIINX JBYX (opmyit. bonpinas BenndanHa
W : kT, neobxomumas cornacHo mnepBod (opmyne, 4toObl caenarb ¢
60pINM (YCTONYMBEINA T'eH), 00yCIOBIMBAET MAITYI0 BEIHYNHY OTHOIICHHUS,
BBIYHCIIIEMOTO 110 BTOpOH (hopmyiie, TO ecTh, MHAa4Ye TOBOPS, ONpEIeIIsieT
CYIIECTBEHHOE YBEIMUCHHUE MYTa0EJIbHOCTH C IOBBIIICHUEM TEMIEPaTyphI
(meficTBUTENBbHOE 3HAYEHHE OTHOILIECHUS JISKHUT MPHOIU3UTENBHO Mexay 1/2
u 1/5). O6patHable BenuuuHbL (2 1 5), B OOBIYHON XMMHUYECKOH PEaKIUH MBI
HasbIBaeM Kod(duimentom Bant-I'odda.

52. KakuM 00pa3oM peHTIreHOBCKOe U3JIy4YeHHne
BbI3bIBAET MYTALUIO?

OO6parumMcs Terepp K 4acTOTe MYTalMi I0J BIUSHUEM PEHTIEHOBCKOTO
m3nydeHns. Ha OCHOBE SKCHEPHMEHTOB IO CKPEIIMBAHUIO MBI MPHUIUIN K
BBIBOJIY, YTO, BO-IIEPBBIX (M3 MPAMOM 3aBUCUMOCTH MYTAIlHOHHOTO TEMIIa OT
JI03bl), MYTAIIMIO BBI3BIBAET HEKOTOPOE €AMHUYHOE COOBITHE; BO-BTOPBIX (U3
KOJIMYECTBEHHBIX JaHHBIX W M3 TOro (hakTa, YTO MYTAIMOHHBIA TeMIl
orpeziessieTcst oOmel IUIOTHOCTBIO HMOHUW3AlMM M HE 3aBUCHT OT JUIHHBI
BOJIHBI), 5TO €JMHUYHOE COOBITHE JOJDKHO OBITh MOHM3AIMEH MM KaKHM-TO
JIpyruM mpoueccoM. YUToObl BbI3BaTh CHENU(PUYECKYIO MYTaluio, STOT
MIPOIIECC JOJDKEH IPOUCXOIWTh BHYTPH OIPEAEICHHOIO 00BeMa pa3zMepoM
0K0J10 10 aTOMHBIX pacCTOSIHUH, B3STHIX B KyOe.

CornacHO HameMy NpEACTAaBICHHIO, DSHEPIus Ul [PEOJIOTECHUS
NOTEHIMAIbHOTO  Oaphepa  JNOKHA  OBITH  TOJNydeHA U3 ITOTO
B3PBIBOIIOZOOHOTO MpoLecca HOHU3AUNH HIN BO30YXIeHNUS. 5] Ha3bIBaIO €T0
B3PBIBONIOZOOHBIM, ITIOTOMY YTO OJHEPrHs, 3aTpaucHHass B OIHOM aKTe
MOHHM3alUK (TOYHEe, BTOPHYHBIM DJIEKTPOHOM, OOpa3oBaBIIMMCS IIPH
B3aUMOJICHICTBUM W3Iy4YeHHS C BEIIECTBOM), XOpOIIO U3BECTHA U
CpPaBHUTENHHO BeNMKa: OHa paBHa 30 2JIEKTPOHBOJIbTAM.

Orta 3Heprus N10JKHA IIPEBPATUTHCS B UYPE3BBIUANIHO YCUIIEHHOE TEIJIOBOE
JIBIDKEHUE BOKPYI TOYKH, IJI€é MPOM30IIET B3PBIB, U PaclpOCTPaHUTHCS
orcioa B (OpPME «TEIUIOBOH BOJHBI)Y, TO €CTh BOJHBI WHTEHCHBHBIX
Koslebanmnii aromoB. To, YTO 3Ta TEMJIOBas BOJHA €IIe CIOCOOHA ITepenaTh
HEOOXOMMYIO MOPOTOBYIO 3HEPIUio OT 1 10 2 3JIeKTPOHBOJBT HA CPEIHHUN
«paguyc AeHCTBU» — OKono 10 aTOMHBIX pacCTOSHHH, SIBIAETCA BIIOJIHE
JOIYCTH-
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MBIM, XOTSI HenpeayOekaeHHbIH (U3UK, MOXKET OBIThb, W pelCcKa3al Obl
HECKOJIBKO MEHBIINH pajuyc AeHCTBUSL.

Bo MHOTHX ciydasix pe3y/bTar B3pbIBa IIPUBEACT HE K YIIOPSAA0UYCHHOMY
HU30MEPHOMY IEPEXO/TY, a K MOBPEIKACHUIO XPOMOCOMBI — K MOBPEKACHHIO,
KOTOpOE CTaHET CMEPTENbHBIM Ui  OpraHM3Ma, eCIId  HCKYCHBIM
CKpPEIIMBAaHUEM YAAIUTh HEMOBPEKIECHHOTO MapTHepa (COOTBETCTBYIOLIYIO
XpOMOCOMY BTOPOTO Habopa) M 3aMEHUTH €ro MapTHEPOM (XpOMOCOMOi xke),
0 KOTOPOM HM3BECTHO, YTO COOTBETCTBYIOLIHMI I€H Y HEro TaK)Ke BBI3bIBAET
cMepTeNbHBIA  3QQekT. bBe3ycnoBHO, 3TOr0 HaA0 OXKAATh, H 3TO
NEeHCTBATEILHO HaOIIOMaeTcs.

53. X BJIMSIHHE HE 3aBUCHUT OT CAMOIIPOU3BOJILHOM
MYTa0eJbHOCTH

Jlpyrue ocoOeHHOCTH, ecaM M He MOTYT OBITh IPEICKa3aHbl HAa OCHOBE
MIPUBEICHHOW BBIIIE KapTHHBI, TO WX BCE XXE MOXHO JIETKO IIOHSTE.
Hanpumep, HeycTOWYHMBBIE MyTaHT B CpelHEM He oOHapyXuBaeT Oonee
BBICOKOTO MYTAaIlHOHHOTO TEMIIA [T0]] BIUSHUEM PEHTI€HOBCKOTO M3ITy4YCHUS,
yeM yCcTOWYuBBIA. [103TOMY, €cau Ipu B3pbIBE BBIAEIAETCS SHEPTUs, paBHAs
30 oNeKTPOHBOIBTAM, TO HE KMEET OOJIBIIOr0 3HA4YCeHUs, OyAeT JH
TpebyeMasi IIOpOroBasi SHEPTrHss HEMHOTUM OOJIBIIIC WJIM HEMHOTHM MEHBIIIE,
ckakem, 1 niam 1-3 BonbTa.

54. O0paTumMble MyTallM U

B HEKOTOpBIX Ciydasx HMepexox M3y4ald B TOM W JPyroM HalpaBlCHUH,
CKa)keM, OT «AMUKOTO0» I'€Ha K OIPEAEICHHOMY MyTaHTHOMY T'eHy U 00paTHO,
OT MYTaHTHOTO K IMKOMY. B 3THX ciydasx ecTeCTBEHHasl 4acTOTa MyTallUH
MHOT/Ia ITOYTH OJIHA U Ta K€, a HHOTJa BechMa pa3nuyHa. Ha mepBerif B3rsia
3TO TPEJCTABISETCS CTPaHHBIM, IOTOMY 4YTO IIOTEHIMAIBHBIA Oapbep,
KOTOPBIN HAJ0 MPEOJI0JIeTh, B 000UX CITyyasix, Ka3aJoch Obl, OIUH U TOT XKe.
Ho, xoHeYHO, Takoe MOJIOKEHUE HEJb3sl CUMTATh 0053aTeNbHBIM, IOTOMY 4TO
MOTEHIMAJIBHBIA Oapbep IOJDKEH M3MEPATHCS OT SHEPreTHYECKOro YPOBHS
UCXOJHOW KOH(HIYpalyH, a 3TOT YPOBEHb MOXXET OBITH Pa3IWYHBIM JUIS
JTUKOTO W MYTAaHTHOTO reHoB (cMm. puc. 17, rme mmdpa 1 xapakrepusyer
JUKAA TeH, a 2 — MYyTaHTHbIA, MEHbIIas YCTOMYMBOCTH KOTOPOTO
m300pakaeTcs 6oee KOPOTKOH CTPEIKOH ).

B memom, s nymaro, wmoxens JlenpOpioka JOCTaTOYHO —XOPOIIO
BBIJICP)KUBACT MIPOBEPKY, U €€ UCIOJIb30BAHUE B JATBHEHIINX PACCyKACHIAX
BIIOJTHE OTIPAaBJIaHO.
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VI. Yopsii0o4eHHOCTh, HEYNIOPAA0YEHHOCTh
U SHTPONUS

Nec corpus mentem ad cogitandum, nec mens corpus ad motum, neque ad
quietem nec ad aliquid (si quid est) aliud determinare potest.

Spinoza, Ethica. P. 111, Prop. 2!

Paspemmure MHE BepHYTBCS K TOCIEHHUM S55. 3ameuamenvhulii obuyuil
(dpazam § 47. Tam 5 meITaNCs OOBACHUTD, 861800 U3 Modenu [enbOproka 9To
MOJICKYJISIpHAasE TEOpHs TeHa clhejala BIOJHE JOIYCTHMBIM TO, 4YTO
MHUHHATIOPHBI ~ KOX TOYHO COOTBETCTBYEeT BeCbMa CIOXHOMY H
cnenn(uIeckoMy IUIaHy Pa3BUTHSA U KAaKUM-TO 00pa3oM CONEPKUT (paKTOpPHL,
peamm3yrome 3TOT IiaH. Ho kxak oH nemaer »sto? Kak mepeiitn oT
MPEIION0KEHHS K IeHCTBUTETFHOMY TOHUMAaHHIO?

MonekyssipHast Mojenb JlenpOpioka B ee COBEpIIeHHO 00mieit hopme He
COJICP)KUT, BWJIMMO, HAMEKOB Ha TO, Kak JEHCTBYeT HACIEeICTBEHHOE
BemecTBo. 1 B camoM Jiene, sl He 0KHAato, YTOObI OT (PM3MKOB B OrKaiiem
OyaymieM MOTIIM OBITH MOJYYEHBI CKOJBKO-HHUOYIb MOJPOOHBIE CBE/ICHHMSI.
OmnpeneneHHble YCIIEXH B PEIICHUN 3TOH MPOOJIEMBI YK€ €CcTh U, 51 YBEpeH,
YTO OHHU emle OyayT, HO B 00JacTd OMOXMMHH, OCOOCHHO B CBSI3H C €€
MIPOHUKHOBEHUEM B 00JIaCTh (PH3UOJIOTHU M TCHETHKH.

Hukakux netanbHBIX JaHHBIX O QYHKIIMOHHUPOBAHMH T€HHOT'O MEXaHH3Ma
HeJb3s U3BJEYb W3 CTOJH OOIIET0 ONHMCAHHUS €ro CTPYKTYPHI, Kakoe JaHO
BBIIIE. JTO siCHO. M1 TeM He MeHee, KaK 3TO HU CTPAaHHO, MMEETCS OJIHO
o0lee MMpecTaBlieHNe, BBITEKAIONIEe U3 HEro, ¥ OHO-TO, NTPU3HAIOCH, OBLIO
€/IMHCTBEHHOW TPUYUHOM, MOOYyIUBIIEH MEHs HalUcaTh STy HEOOJBIIYIO
KHUTY.

W3 o0mield KapTWHBI HACIEICTBEHHOTO BEIECTBA, HAPHCOBAHHOM
Jenn0OprokoM, cleayeT, 4To AesTeIbHOCTh )KMBOW MaTepUH, XOTSI © OCHOBaHA

"Hu Teno He moxer nobyxaatb Aywy K MbILUSIEHWIO, HX Aylia HE MOXEeT

nobyxaaTb TeNo HW K ABWXEHWIO, HWU K MOKOK, HU K 4yeMy-nnbo aApyromy
(ecnu ToNbKoO eCcTb YTO-HMbYAb Takoe). — CrimHo3a. 3Ttuka, J. 111, Teop. 2.
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Ha 3aKOHaX (M3HMKH, YCTAHOBJICHHBIX K HACTOSILEMY BPEMEHH, HO, I10-
BUAMMOMY, IOAYUHSETCS A0 CHX IOp HEU3BECTHBIM JAPYIMM 3aKOHAM
(hU3MKH, KOTOPBIE, OHAKO, KaK TOJIBKO OHHU OyIyT OTKPBITHI, JOJKHBI OYAYT
COCTaBUTh TaKYIO K€ HEOTHEMIIEMYIO YaCTh 9TON HAayKH, KaK U IEPBBIE.

56. Ynopsoouennocms, 0OCHOBAHHAA HA «YNOPAOOUEHHOCUY

Ota [I0BOJIBHO TOHKAas LENb PACCY)KICHUH TpyIHA Ul HOHMMAaHHSA BO
MHOTHX OTHOIIEHMSAX, W BCE IOCIEAYIOLIME CTPAHULBI MOCBSIIEHBI TOMY,
4yTOOBI caenath ee sicHoi. IIpenBapuTenbHO, rpy0O, HO HE COBCEM HEBEPHO
OHa MO>KET OBITh U3JI0KEHA CIEAYIOLIUM 00pa3oM.

B rnmaBe I Mbl yka3zanu, 4To 3aKOHBI (PU3MKH, KaK MBI MX 3HaeM, — 3TO
CTATHCTHYECKHE 3aKOHBI. OHH CBS3aHBI C €CTCCTBEHHOH TeHICHIeEH
MaTEpUH NMEPEXOIUTH K HEYHIOPSTOUYEHHOCTH.

Ho d4ToOBl TNpUMHPHTH  BBICOKYIO  yCTOWYHMBOCTH  HOCHTENCH
HAaCJIEICTBEHHOCTH C HMX MaJbIMH pa3MepaMu W OOOHTH TEHIACHIMIO K
HEYTOPSAI0YEHHOCTH, HAM IPHIILIOCH «A300PECTI» MOJEKYITy — HEOOBIYHO
60BIIyIO MOJIEKYITY, KOTOpas cTana o0pasmom
BBICOKOIM((EPEeHITMPOBAHHON YHOPSIIOUYEHHOCTH, OXPAaHIEMOW BOJIICOHOI
MAJIOYKON KBAaHTOBOM TeOpHHU. 3aKOHBI CIy4afHOCTH HE YMAJSIOTCS 3TUM
«n300peTeHneM», HO H3MEHSIeTCsI UX MposiBieHre. DU3KMK XOPOIIO 3HAET, YTO
KJIaCCHYECKUE 3aKOHBI (DU3UKH 3aMEHSIFOTCSl KBAHTOBOW TeOpuei, 0cOOEHHO
IpU HU3KOH TeMmmepaType. OTOMy HMeeTcsl MHOro npumepos. JKusHb
MPE/ICTABISIETCS OJJTHUM M3 HUX, 0OCOOCHHO YANBUTEIBHBIM.

’KuzHp — 3TO ymopsAo4YeHHOE M 3aKOHOMEpPHOE IOBEIEHHE MAaTepHH,
OCHOBAaHHOE€ HE TOJIBKO Ha OJHOW TEHACHIUH IEPEXOIUTh  OT
YOOPSIOYEHHOCTH K HEYNOPSIOYEHHOCTH, HO M  4YacTUYHO Ha
CYILIECTBOBAHHHU YIOPSATOYEHHOCTH, KOTOPAst MOAIEPKUBACTCS BCE BPEMSI.

Jna ¢m3uka (M TOJNBKO IS HETO) sI HA/ACIOCh IOSICHUTH CBOIO TOUKY
3peHuss ~ TaKMMHU  CIIOBAMH:  JKMBOM  OpraHM3M  IIPEJICTABIAETCS
MaKpOCKOTIMYECKON CHCTeMOH, YacTH4HO MpUONMKAIOUIEHcS B CBOMX
NPOSBIEHUSAX K  YHCTO  MeXaHMYeckoMy (IO  KOHTpacTy ¢
TEPMOJAMHAMMYECKHM) IOBEACHUIO, K KOTOPOMY CTPEMSTCS BCE CHUCTEMBI,
KOT/1a TeMIeparypa npuoiImkaeTcs K aOCONMOTHOMY HYJIIO M MOJIEKYJIsIpHast
HEYNOPSAA0YEHHOCTh CHUMAETCSI.

Ho Hedusuky TpyaHO MOBEPHUTH, YTO OOBIYHBIE 3aKOHBI (PU3UKH, KOTOPHIE
OH paccMaTpuBaeT Kak oOpas3ell HepymHMOH TOYHOCTH, IOJDKHEI
OCHOBBIBATbCSI HA CTATUCTUYECKON TEHACHLIUM MATEPHU IEPEXOAUTh K
HEYTopsi-

? Takoe coBeplUeHHO obluee yTBEPKAEHME O 3aKoHax (GU3MKH, BOSMOXHO,

MOKa)XeTCsl BeCbMa COMHUTEsIbHbIM, HO MPWYMHa 3Toro byaeT obbsicHEHa B
rnase VII.
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nodyeHHoctu. Takue mpumepsl s npuBen B riaaBe [. OOmuM npuHIMIIOM
3/lech SBISIETCST 3HAMEHHTOE BTOPOE HAyajlo TEPMOAWHAMUKH (3aKOH
SHTPOIIMHN) U €T0 CTOJb K€ 3HAMEHHTOE CTATHCTHIeCKoe o0ocHOBaHHe. B §§
57-61 s MOMBITAIOCH KPATKO M3JIOKUTH IMPUHIIUAI SHTPOIIUHU B MPHIIOKEHAN K
OCHOBHBIM TIPOSIBIICHHSAM JKHBOTO OpraHnM3Ma, 3a0bIB Ha BpeMs BCE, 4YTO
U3BECTHO O XPOMOCOMAX, HACJIEACTBEHHOCTH H T. 1.

57. /KuBasi MmaTepus usderaer nepexona K
PABHOBECHIO

Urto siBisieTcss XapakTepHOW 0cOOEHHOCTHIO *)u3HU? Korma mbl cuntaem
mareputo xkuBoi? Torga, Korja oHa NPOAOIDKAET «ZIEIaTh YTO-JTHOO»,
JIBUTAThCSI, y4aCTBOBATh B OOMCHE BEIIECTB C OKPYXKAOIICH Cpelod | T. 1.,
— BCE 3TO B TeUEHHE O0JIee [UINTENBHOTO OTPe3Ka BPEMEHH, YeM, 10 HallluM
OXKHIaHUSAM, MOTJIa OBl NeNaTh HEOMYyIICBICHHAs MaTepUs B ITOJOOHBIX
ycioBusX. Ecium HEeXHUBYIO CHUCTEMY H30JMpPOBaTh WIM IIOMECTUTh B
OIHOPOIHBIE YCJIOBHS, BCSIKOE JBIDKEHHE OOBIYHO OYEHb CKOPO
MIPEKPALAETCSl B PE3yJIbTAaTE PA3NIMYHOIO poJa TPEHMs; Pa3HOCThb
JJEKTPUUYECKUX WIM XMMHUYECKUX MOTEHLMAJIOB BBIPABHHMBAETCS; BELIECTBA,
KOTOpble HMEIOT TEHACHIMI0 OOpa30BBIBAaTh XUMHUYECKHE COCIUHEHUS,
00pa3yIoT UX; TeMIepaTypa BEIPaBHUBAETCS BCIIEICTBUE TEIJIOMPOBOIHOCTH.
3areM cucTeMa B IEJIOM YracaeT, NpeBpallaeTcs B MEpPTBYIO HHEPTHYIO
Maccy MaTtepud. JlocTuraercsa COCTOSHHE, NPU KOTOPOM HE INPOUCXOAUT
HUKAaKHX 3aMETHBIX coObITHH. DU3MK Ha3bpIBa€T JTO  COCTOSIHHE
MePMOOUHAMUYECKUM —~ PAGHOGeCUeM, WA COCTOSHHEM MaKCUMalIbHOU
SHTPOIIUHU.

[IpakTryeckn Takoe COCTOSHHE OOBIYHO ITOCTHUTASTCS BechMa OBICTPO.
TeopeTndecku OYeHb YacTO 3TO COCTOSHUE €Ile He UCTHHHOE PaBHOBECHE,
eme He JCWCTBUTENBHBI MakcuMyMm dSHTponumd. OKOHYATEeIbHOE
YCTaHOBJICHHE pPABHOBECHA MPONCXOOUT OYeHb MeTeHHO. OHO MOXKeT
moTpe6oBaTh HECKOJIIBKO YacoB, JIET, CTOJETHH ... [IpuBenemM mpumep, Koraa
NpUOJIMKEHNE K PABHOBECHIO MIPOUCXOIUT BCE XKe JOCTaTO4HO ObIcTpo. Ecnu
CTaKaH, HaIOJHEHHBIH YUCTOM BOJOW, W  JpYrod, HAIOJHEHHBIN
MOJICTAILEHHON BOAOM, IIOMECTUTh B I€PMETHUYECKU 3aKPBITHIM SLIUK IPU
MIOCTOSIHHOW TeMIIepaType, TO CHadajla Kak OyqTo HUYEero He IPOUCXOMIMT,
BO3HHUKAeT BIEUaTJICHHE IONHOro paBHOBecHsa. Ho uepe3 neHb cTaHOBUTCS
3aMETHBIM, KaK YHCTas BO/ia BCIIECTBUE OOJiee BEICOKOTO JJaBJICHUS €€ 1apoB
MOCTENEHHO HCIapsieTcsl U KOHACHCHUPYETCS Ha IOBEPXHOCTH pacTBOpa
caxapa; MOCJIeAHUN MepeNnBaeTcs yepe3 Kpail crakaHa. TOJbKO MOCIE TOro
KaK YUCTasl BOAA UCHAPUTCS MOJHOCTBIO, caxap PaBHOMEPHO PaclpenesInTCs
10 BCEMY JOCTYITHOMY €My 00beMy.

OTH KOHEYHBIE ATAITBl MEIJICHHOTO MPUOMKEHHUS K PAaBHOBECHIO HU-
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Korja HE MOTYT OBITH IMPUHATHI 34 ) XU3Hb, U Mbl MOXXCM r[peHe6peqL MU
30€Ch. A yYIIOMHWHAK0 O HUX, YTOOBI orpagurb cebss OoT OOBHHEHHUS B
HCTOYHOCTH.

58. Ilutanue «OTPULATEJIbHOM IHTPOMHUE)

MeHHO TOTOMY, 4YTO OpraHu3M u30eract OBICTPOro Iepexoia B
HHEPTHOE COCTOSIHUE «PABHOBECHS», OH U KAXKETCs 3arajo4HbiM. HacTonpko
3araJIouHbIM, YTO C JPEBHEHINNX BPEMEH YEJIOBEUECKas MBICIh JIOMycKalia
JeficTBUE B OpraHm3Me Oco0Oi, KakoW-To He (u3HYecKod, a
CBEPXBECTECTBEHHOMN CHJIBI (VIS Viva, SJHTEICXHS).

Kak e »xuBoi opraHusM u3beraer mepexoaa K paBHOBecuto? OTBeT
JIOCTATOYHO TIPOCT: ONaromapsi TOMy, YTO OH IUTAETCs, OBIINT U (B Ciydae
pacteHuil) accummmupyet. s BCEro 3TOTO €CTh CIEIHAaTbHBIA TEPMHH —
metabommsM. (I'peyeckoe cioBo petofdilelv o3nagaeT obmen.) O6meH dero?
IlepBonauansHO, ©€3 COMHEHHs, TOApa3yMeBajcs OOMEH BeIIeCTB
(mammpumMep, MeTaboNn3M, MO-HEMEIKH Stqf/"Wechsef). Ho mpencrasusercs
HEJIETOCThIO, YTOOBI TJIaBHBIM OBUT MMEHHO OOMeH BelecTB. JIr00oii aTom
a30Ta, KUCIIOPOJIA, CEPHI | T. II. TaK JK€ XOPOIII, KaK JIFOOOH APYrod aTOM TOTO
ke oanmemeHrta. Uto ke mocturaercss ux oOMeHoM? OJHO BpeMs Harie
JIOOOMBITCTBO ~ yIIOBIICTBOPSUIOCH ~ YTBEPXKICHHEM, YTO MBI IMHTaeMCS
sHepruell. B pecropaHax HEKOTOPHIX CTpaH BBl MOTJIH ObI HANTH KapTOUKH-
MEHIO, YKa3bIBAIOMINE IIEHy KaXXIIOTo ONfo/a M coAepikaHhe B HEM SHEPTHU
(xamopwmii). Hewero m TOBOPHUTH, YTO 3TO HENENOCTh, MOO BO B3pPOCIOM
OpraHu3Me COJep)KaHHe IHEPTrUH TaK K€ TOCTOSHHO, KaK M COJeprKaHue
Matepun. Kaxmas xamopusi, KOHEYHO, IMEET Ty e HEHHOCTb, UTO U JIt00ast
ZpyTasi, OTOMY HEJB3S MMOHATH, YEMY MOXET IIOMOYb IPOCTOW OOMEH ITHX
KaJIOpUH.

Yro e Torga COCTaBIAET TO JPArolleHHOE HEYTO, Coneprkaiieecs B
HAIlleH TUIe, 9TO MpeJoXpaHseT Hac oT cmepTu? Ha 3To JIlerko OTBETUTH.
Kaxmprit mporiecc, siBieHne, coObITHE (HA30BUTE 3TO, KAK XOTHUTE), KOPOUE
TOBOPS, BCE, UYTO MPOUCXOTUT B [Ipupoie, 03HaYaeT yBEIHMUCHUE YHTPOITUH B
Tol yactu BceneHHOH, rae 3TO MMeeT MecTo. Tak M KUBOW OpPraHu3M
HENPEPHIBHO YBEIWYMBACT CBOIO SHTPOINMWIO, WIH, WHAYe, IMPOU3BOIUT
TTOJIOKUTETHHYIO SHTPOIHIO U, TAKUM 00pa3oM, MPHOIMKACTCS K OIMaCHOMY
COCTOSIHUIO MAaKCHMAJbHOH SHTPONHH, MPENCTABIAIONIEMY COOOM CMepTh.
OH MoeT m30eXaTh 3TOT0 COCTOSHHA, TO €CTh OCTaBAaThCS JKUBBIM, TOJIBKO
MOCTOSTHHO W3BJIEKash W3 OKPYXKAIOMIEH €ero cpeapl OTPHUIATENbHYIO
SHTPOIHIO, KOTOpasi MPEACTaBsIeT COOOH HEYTO BEChbMa IOJIOKUTEILHOE,
KaK MbI ceituac yBuauM. OTpUIlaTeIbHAas SHTPOITUS — 3TO TO, Y€M OPTaHU3M

? BykBanbHo — 06MeH BelecTs. — [TpuM. nepes.
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nuraercsi. Mnm, 4YroObl BBIPa3UTh 3TO MEHee NapaJOKCaIbHO,
CYIIECTBEHHO B METa00JIM3ME TO, YTO OPTraHNu3My YIaeTcs OCBOOOXKIATHCS OT
BCEH TOI SHTPONHNH, KOTOPYIO OH BBIHYK/IE€H ITPOU3BOANTD, IIOKA KHB.

59. YUrto Takoe 3HTpONUA""!

Pazpemute cHagana nog4epKHyTh, YTO 3TO HE TyMaHHOE Npe/ICTaBICHHE
WM uzes, a u3Mepumast pusnyeckas BeJIMYMHA, COBEPIICHHO Takas )Ke, KakK
JUIMHA CTEepXHSA, TeMIepaTypa J000H TOYKHM Tena, CKpbITas TemioTa
IUIABJICHHS. JJAHHOTO KpHUCTAUIa WM YAENbHas TEIUIOEMKOCTh JI0O0ro
Bemectsa. [Ipu remneparype abcomorHoro Hyst (rpy6o —273°C) sHTponus
mro0oro BemiecTBa paBHa Hymo. Ecnm Bel Oynere MeUIEHHO IEPEBOIMTH
BEIIIECTBO B JIOOOE NPYroe cOCTOSHHE OOpaTMMBIMU HEOOJBIIUMH ATAIIAMHU
(maxxe ecnam TpPH 3TOM BEIIECTBO WM3MEHHT CBOIO (DU3MUECKYIO HIIH
XMMHYECKYIO TPHPOAY, PACHa[EeTCs Ha JABE M OOJNbIIee YHCIO YacTed ¢
pasTUUHBIMA  (U3UYECKUMH MM XUMHYECKUMH XapaKTepUCTHKaMHU), TO
DHTPOMNHS BO3PAaCTET HAa BEIMYMHY, KOTOpas ONpelenseTcd IeleHHEM
KKJOW MaJIOi OpLUY TEIUIa, 3aTpayuBacMoOi BO BpeMsl 3TOM OIepalluu, Ha
aOCOJIIOTHYIO TeMIIepaTypy, IPH KOTOPOH 3TO TEIUIO 3aTpauyeHo, U 3aTeM
CyMMHUpPOBaHMEM BC€X MOJIYYEHHBIX BenuuunH. Hampumep, Kkorga BbI
pacmiaBiseTe TBEpPAOE TENO, SHTPONHUS BO3PACTAE€T HAa BEIMUYUHY TEIIOTHI
IUIaBIE€HUS, JEJIEHHONM Ha TeMIepaTypy MOpH TOYKE IUIaBIEHUA. Takum
00pa3oM, BBl BUAUTE, YTO €JMHUIA M3MEPEHHs] SHTPOIHHU €CTh KIOpHS Ha
rpagyc (COBEpIIEHHO TaK e, KaK KaJopus eCTh €ANHHIA N3MEPeHHs TeIuia
WM CAHTHMETP €CTh SIMHUIIA U3MEPEHUS IJIHHBI).

60. CraTucrnyeckoe 3HaYeHHE IHTPOIIMH

S1 mpuBeln 3TO crienualibHOE ONpeJeNieHNe U TOT0, YTOObI 0CBOOOJIHUTH
DHTPOINHUIO OT TOWH aTMoc(epbl TyMaHHOW 3araJJOYHOCTH, KOTOPOW €€ 4acTo
okpyxator. [opazgo Oojee BakHa s HAc CBA3b DHTPONUH  CO
CTaTUCTUUYECKON KOHLEMINEH yNOpSIJOYEeHHOCTH U HEYyHOPSIOUYEHHOCTH, —
CBsI3b, OTKpbITast bombuManom u ['mOOcoM Ha OCHOBE JTaHHBIX
cratuctiHueckoil ¢usnku. OHa TakKe SBISIETCS TOYHOM KOJIWYIECTBEHHOM
CBSI3BIO U M €€ MOXKHO BBIPA3UTh

Ontponust = k Ig D,

re k — Tak Ha3bIBaeMas mocTosgHHas bonmeimana, paBHas 3, 2983 - 10
kamopud Ha rpagyc llembcus; D —  KOIMYECTBEHHas  Mepa
HEYIOPS0YEHHOCTH aTOMOB B paccMaTrpuBaeMoM Tene. JlaTb TouHOe
0O0BsSCHEHNE BEIWYMHBI [ B KpPaTKUX M HECHENUAIBHBIX TEPMHHAX MOYTH
HEBO3MOXHO. Heynopsno4eHHOCTb, KOTOPYIO OHa BBIPAXaeT, OTYACTH
3aKJII0YAETCs B TEINIOBOM

24
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JIBIDKCHUH, OTYaCTH B TOM, YTO aTOMBI M MOJIEKYJBl Pa3HOTO copTa
CMEUIMBAIOTCS YHCTO CIY4YailHO BMECTO TOTO, YTOOBI OBITH ITOJHOCTBIO
pa3leJIeHHBIMH, KaK B HEaBHO NMPUBEICHHOM IPUMEPE MOJICKYIIBI caxapa 1
BOJBL. YpaBHeHHE BolsibliMaHa XOpOIIO WILTIOCTPUPYETCS STHM MPUMEPOM.
[locTeneHHOE «paclIpoCTpaHEHHE» caxapa II0 BceMy O0BEMY BOJIbBI
YBEINYUBACT HEYIOPSANOYEHHOCTh D, W MO3TOMY (IIOCKOJBKY Jiorapudm D
BO3pACTaeT C yBeludeHneM D) Bo3pacTaeT U dHTponus. COBEpIIEHHO SCHO,
YTO BCSKMI NPUTOK TeIUla W3BHE YBEIMYHMBACT MHTEHCHUBHOCTH TEILIOBOTO
JIBIOKCHUS, TO €CTh, MHA4Ye, YBENIWYMBAaeT [ M TaKuM OOpa30M IOBBIIIACT
OHTPOITUIO. YTO 3TO UMEHHO TaK €CThb, 0COOEHHO HariaIagHO MPOsBIIACTCA
TOTrAa, KOraa Bbl pacIljyIaBJIsACTE KpUCTAJLIL. HpI/I OTOM HapylmacTcCs U3AINHOC 1
YCTOWYMBOE DACIIOJIOKEHUE aTOMOB MM MOJIEKYJ W KpPUCTAJUIMYecKast
pelieTka TpeBpamiaeTcs B HENPEpPHIBHO — MEHSIONIEECs]  CilydaiiHoe
pacnpeneneHue aTOMOB.

W3onupoBaHHas cUCTeMa WM CHCTeMa B ONHOPOAHBIX YCIOBUAX (s
HalIMX pacCy)KICHHH ee JIydlle YYUTHIBaTh KaK 4YacTh paccMaTpHBACMOM
CHCTEMBI) YBEIMYHMBAET CBOIO JSHTPONMHUIO W Oonee Wi MeHee OBICTPO
NpHOIIDKAaeTCss K MHEPTHOMY COCTOSHHMIO MAaKCHMAalbHOH 3HTPONUH. MBI
y3HAeM Tellepb B 3TOM OCHOBHOM 3aKOHE (DM3HUKH €CTECTBEHHOE CTpEeMIICHHE
MaTepuu HpI/I6J'II/I)KaTI)C$I K XaOTHYE€CKOMY COCTOSAHHIO, €CJIM Mbl HC
MPEMATCTBYEM 3TOMY.

61. Opranmszanus, MoIep:kuBaeMasi u3BJjaedeHuemM
«YNOPATOYEHHOCTH» U3 OKPYKAIOIIEH Cpe/bl

Kak B TepMHHaxX CTaTHCTHYECKOH TEOPUH BBIPA3UTh TY YAHBUTCIBHYIO
CIIOCOOHOCTH JKMBOTO OpPraHMW3Ma, C IIOMOIUBI0 KOTOPOH OH 3aJIepKUBACT
Mepexox K TepMOIMHAMUYECKOMY paBHOBecHIO (cMepTH)? Bpime Mel
ckazanu: «OH IHUTaeTCs OTPULATENBHOM SHTPONHKe», Kak Obl MPUBIEKas Ha
ce0st ee IOTOK, YTOOBI KOMIIEHCHPOBATh J3TUM YBEIHYCHHE DHTPOINH,
IPOU3BOAMMOE MM B IPOILIECCE JKM3HU, U TAKUM 00Pa30M IIOJICPKUBATH CeOst
Ha MOCTOSHHOM M JIOCTaTOYHO HU3KOM YPOBHE DHTPOIINH.

Ecnu D — Mepa HeymnopsiioueHHOCTH, TO OOpaTHyo BeaudyuHy 1/D
MOXHO paccMaTpHBaTh Kak NPSAMYI0 Mepy YHOpsAo4eHHOCTH. [10CKOIBbKY
norapudm 1/D ecTb TO e, YTO U OTPHULATENBHBIH Jorapudm D, MBI MOXKeM
Hanucarth ypaBHeHHe bospliMana Takum o0pa3om:

— (DuTrpommus) = k g (/D).

Tenepp HEyKITIOKEE BBIPOKCHUE OMPUYAMENbHAS SHMPONUs MOXKHO
3aMEHHUTH OOJIee U3SILIHBIM: SHMPONUs, 83AMAs C OMPUYAMETbHBIM 3HAKOM,
ecmb cama no cebe mepa ynopaoouennocmu. Takum o06pa3zoM, CpelCcTBO, IPU
1o-
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MOIIM KOTOPOTO OpraHM3M HOJIEp)KUBAeT ce0s TOCTOSIHHO Ha
JOCTaTOYHO BBICOKOM YPOBHE YHOPSJIOYEHHOCTH (paBHO Ha JOCTATOYHO
HU3KOM ypPOBHE SHTPONHH), B JACHCTBUTEIHHOCTH COCTOHT B HENPEPHIBHOM
W3BIICUCHUH YIOPAJOYCHHOCTH W3 OKpYyXammed ero cpempl. ITo
3aKIIFOYCHHE MEHee ITapaJoOKCallbHO, YeM KaKeTCS Ha TIEPBBIH  B3TJILIL.
Ckopee, OHO TpHBHAJIbHO. B camMoM pene, y BBICIINX JKMBOTHBIX MBI
JIOCTaTOYHO XOPOIIO 3HAEM TOT BHJ YIOPAJOYCHHOCTH, KOTOPHIM OHHU
MUTAIOTCS, a UMEHHO: KpaifHe XOPOIIO YIOPSIOYEHHOE COCTOSIHAE MaTEPHUHU B
6oJsiee MM MEHEe CIIOKHBIX OPTaHMUYECKUX COCTUHEHUSIX CIyXKaT UM IMUILEH.
Ilocne wucmonp30BaHMS KUBOTHBIE BO3BpAIAIOT ATH BEIIECTBA B OYCHb
JIeTpaIupOBaHHOMN (hOpMe, OJJHAKO HE BIIOJHE JETPaJANPOBAHHOM, TaK KaK HX
elle MOTyT ymnoTpeOsiTh pacTeHus. (/[yis1 pacTeHHil MOIIHBIM HCTOYHHUKOM
«OTpULATEIBHOM SHTPOIIUID) SIBIAETCS, KOHEYHO, COJIHEUHBIN CBET. )
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VII. OcHoBaHa JIM JKM3Hb HA 3aKOHAX
usuxku?

Si un hombre nunca se contradice, sera porque nunca dice nada.
. 1
Miguel de Unamuno .

62. /l1s1 opranmsma cjeayer 0:Ku1aTb HOBBIX
3aKOHOB

B 9r0ii mocnenHe riaBe s X04y MOKa3aTh, YTO BCE H3BECTHOE HAM O
CTPYKTYpE JKHBOI MATepHH 3aCTABISIET OXKHIATh, YTO ACSTEIFHOCTD XUBOTO
OpraHu3Ma HeJlb3sl CBECTH K IPOSIBIICHHIO OOBIYHBIX 3aKOHOB (usuku. U He
[OTOMY, YTO HMMEETCsI Kakas-HHOYAb «HOBas CHJIa» HJIM YTO-THOO ere,
YIIPaBJISIONICe TOBEACHUEM OTACIBHBIX aTOMOB BHYTPH JKHBOTO OPTraHH3Ma,
a MOTOMY, YTO €r0 CTPYKTYpa OTIMYACTCS OT BCEr0 W3YyYEHHOTO HAMHU JI0 CHX
nop B uznveckoii adoparopun. ['py0bo roBopsi, HHKEHep, 3HAKOMBIA paHee
TOJIBKO C HapOCHJIOBBIMHM YCTAQHOBKaMH, OCMOTPEB 3JIEKTPOMOTOp, Oyaer
TOTOB TPH3HATh, YTO €My €lIe He TOHATHBI MPUHIMIBI ero pabotsl. OH
OOHApYX UT Mellb, KOTOPYIO 3HAET MO MPUMEHEHHIO B KOTJIAX M KOTOPYIO
3[1€Ch HCIOJB3YIOT B (hOpMe [UTHHHOH-NIPEUTHHHOM MPOBOJIOKH, HAMOTaHHOM
Ha KaTYIIKH; JKeJIe30, 3HAKOMOE €My II0 phlYaraM M MapoBBIM IWIHHAPAM, a
3[eCh 3alONHSIONICe CEPIIUEBHHY KATYIIKA M3 MEIHOH mnpoBojoku. OH
OpUIET K 3aKIIOYEHHI0, 9YTO 3TO Ta K€ MeIb U TO JKE IKEeNe3o,
HOMYMHSIOIINECS TeM JKE 3aKOHaM Ipupoxsl, U Oyaer mpas. Ho omxoro
pasnuuuMsi B KOHCTPYKUHMH OyAeT HEHOCTaTOYHO, HYTOOBI  OXHIATH
COBEpILEHHO APYroro mpuHmuna padorsl. OH HE CTaHEeT MOAO3PEBaTh, YTO
QJICKTPOMOTOP MPUBOAUTCA B ABUIKECHHUE OYXOM, TOJLKO IMOTOMY, YTO €TI0
MO’KHO 3aCTaBUTh BpallaTthcs 0€3 KOTJIAa M Mapa MPOCTBIM [IOBOPOTOM
BBIKJTIOYATEIS.

63. O030p MoJ10:KeHUsI B OMO0JIOTHH

PasBepTriBaHNEe COOBITHH B )KN3HEHHOM IIMKJIE OPTaHU3Ma OOHApPYKHBAET
YIUBHUTEIBHYIO PETYIAPHOCTh W YIOPSAAOYCHHOCTh, HE HMEIONIMX cebe
paBHBIX CpeId BCETO, C YEM MBI BCTpEYaeMCs B HEOIYLIEBIECHHBIX
npeamerax. OpraHusM KOHTPOJMPYETCS B BBICHIEH CTENEHH XOPOIIO
YIOPSOYEHHOU I'PYIIION aTOMOB, KOTOPasi COCTABIISAET TOJIBKO

YenoBek HMKOrAa He MpoTMBOpeuuT cebe, ecnv OH BoOGLUEe HWMKOrAa
HWYero He roBOpuUT. — Muryssib ge YHaMmyHo.
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OUYCHb HE3HAYNTEJbHYI0O 4acThb OOIIel Macchl Kakaoi KieTku. boiee
TOrO, Ha OCHOBaHMHM CO3/aBIIEICS y HAc TOYKM 3PEHHS HAa MEXaHHU3M
MyTanuii Mbl MPUXOAMM K 3aKJIIOUCHHIO, YTO MEPEMEIIEHHE BCEro JIMIIb
HEMHOTHX aTOMOB BHYTPH TPYHIIBI «YIPABIAIOIMIAX aTOMOB)» 3apOAbIIIEBOH
KJIETKH JIOCTATOYHO JUIA TOTO, YTOOBI BBI3BAaTh BECbMa OIPEACICHHOE
M3MEHEHHE HacJIeACTBEHHBIX IIPU3HAKOB OOJIBIIOrO MaciTada.

3710, BepoATHO, Haubosee MHTEpecHbIe (aKThl M3 TEX, KOTOPbIE Hayka
OTKpbUIA B HalllM JHU. MBI CKIOHHBI IIPU3HATh UX B KOHIIE KOHIIOB HE CTOJb
y)K€  HEBO3MOXHBIMU.  Y/IMBUTENbHAas  CIOCOOHOCTh  OpraHu3Ma
KOHLIEHTPUPOBAaTh Ha cede «IOTOK TOopsaKa», nzderas TakuM oOpa3om
nepexojia K aTOMHOMY XaoCy, — CIIOCOOHOCTh «IHTh YIOPSIOYSHHOCTE) H3
NOAXOAALIeH  cpeabl, MO-BUAMMOMY, CBf3aHa C  IPUCYTCTBHEM
«ameproINYECKNX TBEPIBIX Te» — XPOMOCOMHBIX MoJiekyin. IlocnenHwue,
0e3 COMHEHHs, IPEACTAaBISIOT HAWMBBHICHIYIO CTENEHb YIOPSAA0YCHHOCTH
Cpean W3BECTHBIX HaM acColalmui aTomoB (0Oojee BBICOKYIO, YeM Yy
OOBIYHBIX TIEPHOJUYECKUX KPUCTAIIOB) M3-3a TOW WHAWBUIYaTbHON POJIU
Ka)KJJOTO aToMa M KaXJI0T0 paJuKaia, KOTOPYIO OHM 31€Ch UTPAIOT.

Kopode roBopsi, Mbl BHIUM, YTO CYIIECTBYIOLIAs YIOPSAAOUYCHHOCTD
NPOSIBISIET CHOCOOHOCTh TMOANEPXKMBaTh cama ce0s M TNPOU3BOIUTH
YHOPSIIOYCHHBIE SBICHHUA. JTO 3BYYUT [OCTAaTOYHO YOETUTEIbHO, XOTH,
cuuTas 3TO YyOENWTENbHBIM, MbI HECOMHEHHO HWCXOJMM U3 SIBICHUM,
OMUPAIOLIUXCS Ha aKTHBHOCTh OpraHu3MoB. [loaToMy Mo’keT mokasaThcs,
YTO IOJIy4aeTCsl HEUTO, M0JJI00OHO0E TOPOYHOMY KPYTY.

64. O030p mostokKeHus B PU3UKe

Kax Ol TO HH OBUIO, CIEIyeT CHOBAa M CHOBAa IOJYEPKHYTb, YTO VIS
¢m3KKa TaKoe MOJOXKEHHE JeNl KaXeTCs He TOJBKO HEBEPOATHHIM, HO H
Ype3BbIYaliHO BOJIHYIOLIMM, ITOCKOJIBKY OHO HE MMeeT IpereaeHTa. Bonpeku
OOBIYHBIM TIPEACTABICHUSIM, PEryJsIpHOE TEUeHHE COOBITHH, YIpaBiseMoe
3aKkOHaMu (U3MKHM, HHUKOrJa He OBIBaeT CJEJCTBUEM OJHOW, XOpOUIO
YIIOPSI0YSHHON TPYIMIIBI aTOMOB (MOJIEKYJIBI), €CIIM, KOHEYHO, 3Ta TpyIa
aTOMOB HE TIOBTOPSIETCS OTPOMHOE YHCIIO pa3, Kak B IEPUOJHYECKOM
KpHCTaJUIe, WIN KaK B XKHUIKOCTH, WM, HAKOHEII, B T'a3e, KOTOPHIE COCTOAT M3
0O0JIBIIIOrO KOJIMYECTBA OJJMHAKOBBIX MOJIEKYIL.

Jaxe Koraa XUMUK HMEET JENIO ¢ OYeHb CIOKHOM MOJIEKYIIOH in vitro, OH
BCErJa CTAIKUBACTCS C OTPOMHBIM KOJIMYECTBOM OJMHAKOBBIX MOJeEKya. K
HHM IIPHIOKHMBI €T0 3aKOHBL. OH MOXET CKa3aTh BaM, HallpUMep, 4TO Yepe3
MHHYTY IIOCJIE TOTO, KaK HAauHETCs ONpelelieHHasi peakiys, T0JOBHHA BCEX
MOJICKYJI IIPOpEearupyeT, a 4epe3 JBe MUHYTHI 3TO JKe IPOU30iaeT
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C TpeMsl 4eTBepTAMH MoJiekyn. Ho Oyner ynm ompezneneHHass Moyekysa
(ecny TpeANONOXKUTH, YTO BBl MOXETE 3a HEH INPOCIENUTb) HAXOAWUTHCS
Cpely TeX, KOTOpbIe MPOPEarnpoBald, WU CPENU TEX, KOTOPBIE OCTAIHUChH
HETPOHYTBIMH, 3TOTO OH HE MPEJICKaKET. DTO BONPOC YUCTOI CIIyJaiiHOCTH.

W 510 He TONBKO TEOpEeTHUYECKOE paccyxkiaeHue. MHoraa Mbl MOXXeM
HaOmonaTe Ccynp0y OTAENbHOH MAaJICHBKOH TIPYNNbI aTOMOB WM JIae
eAMHUYHOro aroma. Ho BCskuil pa3, Korjaa Mbl 3TO JI€JIA€M, MBI BCTPEYaeMCs
C TOJHOW HEYNOPSAOYEHHOCTBIO, KOTOpask TOJIBKO B CPEIHEM M3 OOJIBIIOTO
qycia CIy4aeB IPUBOJUT K 3aKOHOMEPHOCTH.

Takue mpumepsl Mbl paccMaTpuBaid B riase 1. BpoyHOBCkoe ABM>KEHUE
MaJIOH YaCTHIIbI, B3BEUICHHOH B HJKOCTH, COBEpILIEHHO OecnopsgouHo. Ho
€CITH MTOJJOOHBIX YaCTHUIl MHOTO, TO OHU CBOMM XaOTHYHBIM JIBWKEHHEM JIAl0T
HayYaio 3aKOHOMEpHOMY Tiporieccy auddysuu.

Pacrian eanHUYHOTO pPaJMOAKTHBHOIO aroMa IIOJIAaeTCs HaOII0AEHHIO
(ero mBWXEHHE BBI3BIBACT BUANMBIE BCIIBIIIKH Ha ()IyOPECIIEHTHOM JKPaHe).
Ho ecnu nmeercst eqMHUYHBIN pagoaKTUBHBII aTOM, TO BEPOSTHBIN MEPUOLT
€ro JXW3HM MEHEE OIIPEAETeH, 4YeM CPOK >XH3HH 30POBOTO BOPOOBS.
JIe¥CTBUTENBHO, B OTHOIIEHHH 3TOTO IEPHOAA MOXHO CKa3aTh TOIBKO TO,
YTO BCE BPEMs, TIOKA aTOM CYIIECTBYET (& 3TO MOXKET MPOJOJIKATHCS THICSIN
JIeT), BEPOSITHOCTh €r0 paclajga B CIEAYIOIIYI0 CeKYHIy, BEMKa OHA WU
Maja, OCTaeTcsi BcerJa TOM Jke caMoil. DTO OuYeBHIHOE OTCYTCTBHUE
HHI[I/IBI/II[yaHBHOﬁ OMNPCACIICHHOCTU TEM HE MCHEC NOAYUHACTCA TOYHOMY
SKCIOHEHINATBHOMY 3aKOHY pacnaga 60IIBIIIOro KOJIMYECTBa
PaAMOAKTUBHBIX AaTOMOB OJHOTO U TOTO K€ BHUJA.

65. Ilopa3uTe/IbHBIA KOHTPACT

B Ouonormum MBI BCTpedaeMcs C COBEpPIIEHHO WHBIM IOJO0)KEHHEM.
EnnHngHas rpynma aroMoB, CYIIECTBYIOIIAs TOJIBKO B OJHOM 3K3EMILLIpE,
BBI3BIBAET 3aKOHOMEpHBIE SIBJICHHS, KOTOpPbIE HAXOZATCA B TECHOH CBS3U
MEXIy co0OH M ¢ OKpyxamomeil BHemHed cpemoil. S ckazam —
CYIIECTBYIOI[asi TOJBKO B OJHOM OJK3eMIUIApE, MO0 B KOHIIE KOHIIOB MBI
uMeeM IpuMep silla ¥ OJHOKJIETOYHOrO0 OpraHu3Ma. JTO BEPHO, 4TO Ha
MOCJIEAYIONINX CTaIUsIX Pa3BUTHS Y BBICIIMX OPraHM3MOB KOJIWYECTBO 3THX
9K3eMIULIpOB yBennuuBaercs. Ho B kakoil crenenu? Urto-HHOYIb 10" y
B3pOCJIOTO MJIEKOTIMTAIOMIETO, Kak 5 cebe mpexacrasmsao. Hy u uro xe! Dto
TOIBKO OJHA MWIUIMOHHAs OISl TOTO KOJIMYECTBA MOJEKYJ, KOTOpoe
COJICPKUTCSI B OTHOM KyOMUYECKOM AIOWME BO3AyXa. XOTS CPaBHHUTENBHO U
0oJbIIIHe, HO BCE BMECTE 3TH TPYIIBI aTOMOB 00pa3oBaid ObI TOJBKO
KPOILIEYHYIO0 KaIUII0 JKUAKOCTH. M mocMoTpuTe, KakuM 00pa3oM OHH
pacnpenenstorcs. Kaxnas kierka gaet
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MPUIOT JWIIb OJHOW M3 HUX (WM IBYM, €CIIH MBI OyJIeM UMEThb B BHUIY
JTUILTOUIHEO). TTOCKOIBKY MBI 3HAE€M CHITy 3TOTO KPOIIEYHOTO [EHTPATLHOTO
anmnapaTa B U30JIMPOBAHHOMN KIIETKE, HE HAIOMUHAIOT JIK OHU HaM OT/IE/IbHbIC
OyJbTHl  YIOpaBieHHs, pa30pocaHHble 10  BCEMYy  OpraHu3My |
OCYILECTBILIONINE CBSI3b MEXKAY c000ii Oiiaromapst o0meMy st HuX Koy ?

D10, KOHEYHO, (HAHTACTHYECKOE OIMCAHHWE, MOXET ObITh, OoJice
HNOAXOJsIIee MOo3Ty, 4eM ydeHoMy. OJHAaKO He HYKHO IO3THYECKOTO
BOOOpa)XEeHUsI, HAJIO TOJBKO SICHO U TPE3BO MOPA3MBICIUTh, YTOObI YSICHUTH
ce0e, UTO 3/1€Ch MBI BCTPEUACMCsI C SIBJICHUSIMH, PETYJISIPHOE M 3aKOHOMEPHOE
pa3BepThIBAHHE KOTOPHIX ONPEHCIICTCS «MEXaHH3MOM», IIOJIHOCTBIO
OTJIMYAIOIIAMCS OT «MEXaHW3Ma BEPOSTHOCTH» B ¢usuke. 1100 310 mpocto
HaOJIOTaeMBIi (PaKT, UTO B KAXKJIOH KIECTKE PYKOBOIAIIECE HAYAIO 3aKITFOYCHO
B CIIMHUYHOU TPYIIIE aTOMOB, CYIIECTBYIOIICH TOJNBKO B OJTHOM SK3EMILISIPE
(W WHOTHA B JIBYX), M TakoW ke (hakT, YTO OHO YIPABISIET COOBITHIMU,
CIyXalMMHU 00pa3lioM yHopsaodYeHHOCTH. HaiiieM 1 Mbl yIUBHTEIbHBIM
Wi COBEPIIEHHO €CTECTBEHHBIM, 41O MaJleHbKasl, HO
BBICOKOOPTaHW30BaHHAsl TPYIa aTOMOB CIIOCOOHA [eWCTBOBaTh TaKUM
o0pa3oM, TIONIOKEHHE OCTaeTCs OOMHAKOBO OecmperneneHTHEIM. OHO
XapaKTEepPHO TONBKO JUIs JKMBOM Martepuu. DH3MK M XUMHUK, HCCICIys
HEXKMBYIO MaTepHIO, HHUKOr[Ja He BCTpedYain (EHOMEHOB, KOTOpbIE UM
NPUXOMIIOCH ObI MHTEPIIPETHPOBATh MOJOOHBIM 0Opa3oM. Takoro ciyvas
elle He HaOMIoJald, W IO3TOMY TEOpUsS HE OOBICHSACT €ro — Haria
MpeKpacHas CTATUCTUYECKAsT TEOPHUs, KOTOPOW MBI CIIPABEUIUBO TOPIMIIUCH,
Tak KaK OHa IMO3BOJIMJIA HAM 3arfITHYTh 3a KYyJUCHl M YBHJAETh, YTO
MOTYIICCTBEHHBIN TMOPAIOK TOYHBIX (DU3UYCCKUX 3aKOHOB BO3HHMKACT W3
ATOMHOW U MOJICKYJISIPHOW HEYIOPSAIOUYECHHOCTH, TEOPHS, OTKPBIBIIAs, YTO
Haubojiee BaKHBIA, Hamboinee OOMMI ¥ BCEOXBATHIBAIOIIMN  3aKOH
BO3PACTaHMs YHTPOMUU MOKET OBITh MOHSIT 0€3 CHEeNUaTbHOrO JOMYIICHUS,
10O PHTPOMHUS — ITO Cama MOJISKYJISIPHAsT HEYTIOPSII0YCHHOCTb.

66. /IBa nyTH BO3HMKHOBEHMS YIIOPSII0YECHHOCTH

VIOpsIOUeHHOCTh, HaOMofaeMasi B Pa3BepTHIBAHHM  KH3HEHHBIX
MPOLIECCOB, TIPOMCTEKAeT W3 PA3IMYHBIX HCTOYHHMKOB. OKa3bIBaercs,
CYIIECTBYIOT JIBa PAa3IMYHBIX «MEXaHH3Ma», KOTOPbIE MOTYT MPOH3BOIHTh
YIOPSIJOYCHHBIC  SBICHUS: CTATHCTHYCCKHH  MEXaHW3M,  CO3JAIOIIHid
«TOPATOK M3 OecropsAKay, ¥ HOBBIA MEXaHW3M, MPOU3BOMSAIINNA «IIOPSIIOK
U3 nopsakay. s Hempene3sAToOro yma BTOPOW NMPUHLMIT KaxeTcs Ooiee
IPOCTEIM, Ooiiee BEepOsTHBIM. be3 COMHEHHsA, Tak OHO M ecTh. VIMEHHO
MO3TOMY (PHM3HKH OBLIN TOPABI YCTAHOBICHHEM IIEPBOTO MPUHIHIIA (TTOPSIOK
u3 Oecriopsika), KoTopomy (dakTudecku cieayer [Ipuposaa u KOTOphIA ofuH
Jlaet oObsiCHe-
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HHE OIPOMHOMY MHO)KECTBY HPHUPOJHBIX SBJICHHUH U, B IEPBYIO OYEpElb,
MX HEOOPaTHUMOCTH.

Ho MBI HE MOXXeM 0XXHAaTh, YTOOBI «3aKOHBI (PM3MKM», OCHOBAaHHBIE Ha
3TOM NPHUHLMIE, OKA3aJINCh AOCTATOUYHBIMH JUIS OOBSICHEHHS ITOBEICHMS
JKMBOM MaTepuu, HanOojee yIAUBUTEIbHBIE OCOOEHHOCTH KOTOPOH, BUANMO,
B 3HAYUTEIBHONW CTENIEHW OCHOBAHBI HAa IMPHUHLUIE IIOPSAOK U3 MOPAIKAY.
BbI Benib HE cTaHeTe OKHATh, YTO /IBA COBEPILICHHO PA3JIMYHBIX MEXaHH3Ma
MOT'yT 00yCJIOBUTBH OAMH M TOT XK€ 3aKOH, KaK U He OyZleTe 0’KUAaTh, 4TO Balll
KJII0Y OT JBEpHU 005A3aTeNIbHO IOJIOMAET K JBEPHU BaILIEr0 COCea.

Hac He momxHBI MO3TOMY OOECKYpakKMBaTh TPYTHOCTH OOBICHEHHS
JKH3HHU C TPHUBJICYCHUEM OOBIKHOBEHHBIX 3aKOHOB (u3uku. 0o 3T0 MMeHHO
TO, Yero cjeayeT OXKWAaTh, HMCXOMAsS W3 HAIIUX 3HAHUA OTHOCHUTENHHO
CTPYKTYPBI )KMBOH MaTepuu. MBI BIpaBe MpeAroarath, YTo )KUBask MaTepHs
MOJYMHSETCS. HOBOMY THITy (PM3MYECKOro 3aKOHa. My MBI JOJDKHBI Ha3BaTh
ero HeU3NIECKNM, YTOOBI HE CKa3aTh: CBEPX(PU3NIECKUM 3aKOHOM?

67. HoBblil NpUHIUI He YY:K1 pusnke

Her. S He nymato atoro. HoBbIii IPHHIMIT — 3TO MOUTUHHO (HUIMUECKUI
3aKOH: Ha MOH B3IJIAM, OH HE YTO MHOE, KaK OIATh-TaKH IMPUHIIUI KBAaHTOBOU
Teopuu. J{1si 0OBSCHEHUS] ATOTO MBI JOJDKHBI TIOMTH HECKOJIBKO Jajblie U
BBECTU YTOYHEHHE (YTOObI HE CKa3aTh — YIy4YIEHWE) B Halle IpeKHee
YTBEpXK/IEHHE, YTO BCe (PU3NUECKHe 3aKOHBI OCHOBAHBI HA CTATHCTHKE.

OTo yTBepXkKI€HHE, NOBTOpSBLIEECS CHOBA W CHOBA, HE MOIIO HE
MIPUBECTH K IIPOTHBOPEYMIO, HOO JEHCTBUTENHFHO WMEIOTCS SIBICHUS,
OTJIINYNTENbHBIE OCOOCHHOCTH KOTOPBIX SIBHO OCHOBaHBI Ha NPUHIUIE
«TOPSIIOK M3 TOPSAKa» W HUYEro, KaKeTcs, HE HMEIT OOIEero co
CTaTUCTUKON WM MOJIEKYIIIPHOM HEYMOPAA0YEHHOCTBIO.

ConHeyHas cucTeMa, BIKCHUE IJIAHET CYHIECTBYIOT OECKOHEYHO JTaBHO.
Co3Be3mue, KOTOPOE MbI BHIUM, HAOJIFOJAU JIIO[IM, JKUBIIKE BO BpeMeEHa
eruneTckux nupamua. Korga ObUTH BBIYHCICHBI AaThl COJIHEYHBIX 3aTMEHUH,
HMMEBIIHUX MECTO MHOTO JIeT Ha3aJ, TO OKa3aJoCh, YTO OHHU COOTBETCTBYIOT
UCTOPUYECKHUM 3allUCsAM, @ B HEKOTOPBIX CIy4asX Pe3yIbTaTbl BHIUMCICHUS
MOCTY KU OCHOBAHUEM AJISl UCIPABIECHUS XPOHOJIOTHUECKON 3amucu. OTU
pacueTsl OCHOBBIBAJIUCh HE Ha CTAaTUCTUKE, A UCKIIOYMTENBHO Ha
HBIOTOHOBCKOM 3aKOHE BCEMHPHOI'O TATOTEHHS.

JIBIKeHne MasTHHKA XOPOIIO OTPEryJMPOBAaHHBIX YacOB HIIHM JIIOOOTO
MOZOOHOTO MEXaHW3Ma, OUYEBHIHO, TAKXKE HE HMEET HUYEro OOIIEeTo co
cratuctukoi. Kopode roBopsi, Bce UUCTO MEXAHUYECKHUE SIBJICHUS, T1O-
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BUIMMOMY, SIBHO CJICAYIOT IIPUHIIAIY «IIOPSIOK U3 mopsiakay. M eciu Mbl
TOBOPUM «MEXAaHHYECKUE», TO ITOT TEPMHUH HAI0 IOHHUMATh B IIHPOKOM
cMmbiciie. Pabora o4eHp pacmpocTpaHEHHOTO BHJAa 4YacoB, KaK BEI 3HAETE,
OCHOBaHA Ha PETYJLIPHOM IPHUEME AIIEKTPHUCCKUX HMITYIHCOB.

Sl momHIO WHTepecHy0 HeOonbImyr0o paboty Makca Ilmanka
«JluHAMUYeCKU W CTAaTHUCTHUYECKWH THUN 3aKoHa» . B Hell oH mpoBoauT
TOYHO TaKO€ € pas3niyue, Kakoe MbI 3/I€Ch Ha3Bald «IOPSAKOM U3
MOPSIIKA» M IIOPSIIKOM U3 OCCIOPSIIKAY.

Lenp 3Toii pabOTHI MOKa3aTh, KaK WHTEPECHBIA CTATHCTHYCCKUI THIT
3aKOHA, KOHTPOJHPYIONIMA COOBITHSA OOJBIIOTO MacIiTada, CO3JaeTcs U3
JMUHAMUYECKUX 3aKOHOB, KOTOPBIC, MO-BUAUMOMY, YIPABISIOT COOBITHSIMU
Majoro mMacmra®a — B3aUMOJCHCTBHEM EAMHUYHBIX aTOMOB M MOJICKYIL
[ocnenanii THN 3aKOHa WIDTIOCTPUPYETCS MEXaHWYECKUMH SBICHUAMU
Ooporo MacmrTada, Kak, HalpuMep, JTBIKEHIE TUIAaHET, YacoB U T. 1.

Takum 00pa3oM, OKa3bIBA€TCS, YTO «HOBBIM NPUHIWID» — TMPHHINAI
«TOPANOK M3 TMOPSAAKAa», KOTOPBIA MBI MPOBO3IIACHIA C OOJBIION
TOpPKECTBEHHOCTBHI0O B KadeCTBE [EHCTBUTEIHFHOTO KII0Ya K IOHUMAaHHUIO
JKU3HH, COBCeM He HOB s (u3uku. [maHk make BOCCTaHABIMBACT €ro
MPUOPHUTET. MBI, KaXKETCsI, MPUOIMKAEMCSI K CMEXOTBOPHOMY BBIBOIY, OYATO
OBl KJIIOY K IMOHMMAHMIO JKU3HHU 3aKJII0YAeTCS B TOM, YTO OHAa UMEET YHCTO
MEXaHUYECKUN XapaKTep U OCHOBAaHA HA MPUHIUIIE «4ACOBOI'O MEXaHU3Ma» B
TOM CMBICJI€, KOTOPBIH MpHUIaeT 3TOMY BbipaxkeHuto [11ank.

DTOT BBIBOJ] HE MPEACTABISETCS HENENbIM U, HA MOW B3IJIsI/, HE COBCEM
omub0YeH, XOTS €r0 U CIeIyeT MPUHUMATE ¢ OOJBIIONH OCTOPOKHOCTEIO.

68. /IBu:xkeHue 4acoB

JlaBaiiTe TIIATENBPHO NMPOAHATU3UPYEM JABWXEHHE PEeaJbHBIX YacoB. JTO
HE YHCTO MEXaHWYeCKUil QeHoMeH. UMCTO MeXaHMYeCKHUe 4Yachl He
HY)XJaJIich Obl HM B NPYXXHHE, HU B 3aBojie. Pa3 MylIeHHBIE B XOJ, OHH
JBHUTINCH ObI OeckOHeuHO. PeanbHble yackl 6€3 Npy>KHMHBI OCTAHABINBAIOTCS
MocJ€ HECKONBKUX MABIKCHUH MasTHHKA, €ro MeXaHHUYecKash DSHEeprHs
MpeBpaIiaeTcss B TEIUIO. A 3TO OECKOHEYHO CJIOXKHBIN, aTOMHCTHYECKHH
nponecc. Obmiee npeAcTaBIeHNE O HEM, KOTOPOE CKIIaabIBaeTcs y (usmka,
BBIHY’K/IaeT ITPHU3HATH, YTO OOpATHBI MpOLECC TAKXKE BIIOJHE BO3MOXKEH:
yacel 0€3 MIpPYXHWHBl MOTYT HEOKHIAHHO HauyaTb JBUTaTbCS BCIIEICTBHUE
3aTpaThl TEIUIOBOM 3HEPIrHMHM CBOMX COOCTBEHHBIX 3yO4aThlX KoJIeC U
OKpy’Karomien cpenpl. B 3ToM ciaydyae Gu3uK qomKeH OBUT ObI CKa3aTh: Yachl
UCIIBITBIBAIOT HCKJIIOUUTENFHO HMHTEHCHBHBIA MapOKCU3M OpOYHOBCKOTO
JIBIDKEHUS.

2 Dynamische und statistische Gesetzméssigkeit.
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B rmae I (§ 7) MBI Bumenu, 9ro C BecbMa YyBCTBUTEIHHBIMHU
KPYTHJIBHBIMH BecaMu (QJIEKTPOMETpP WJIM TalbBAaHOMETP) TaKOro poja
SBIICHHS TIPOMCXOAT Bee BpeMs. [ 9acoB 3T0 OECKOHEYHO MaJIOBEPOSTHO.

ByneM nmu MBI OTHOCHTH ABIDKEHHE YacoOB K JWHAMHYECKOMY WM K
CTaTUCTHYECKOMY THITy 3aKOHOMEPHBIX SIBICHUH (YHOTpeOsii BBIpaKCHUS
IInanka), 3aBUCHT OT Hamed TOYKH 3peHus. HaspiBas 3TO JBHKEHHE
JUHAMUYECKHM, MBI OOpaiiaeM BHHUMAaHHE Ha €ro PeryJsIpHOCTh, KOTOpas
MOXeT  OrITh  oOecrmeyeHa  CpPaBHUTENBHO  CabOH  IPYKWUHOH,
HpeOﬂOHeBaIOH_leﬁ HE3HAYUTCJIIbHBIC HAapyHICHHUA TCIJIOBOTO ABUKCHUA,
KOTOPBIMH MBI MOXeM TpeHeOpedb. Ho eciam Mbl BCmoMHUM, 4TO 0€3
IMPY>KUHBI YaCbl BCJICACTBUE TPECHHUA MOCTCIICHHO OCTAHOBATCA, TO HOﬁMeM,
YTO 3TOT IIPOLECC MOXET OBITh MCTOJKOBAaH TOJIKO KaK CTaTUCTHYECKOE
SIBJICHUE.

Kakum OBl TNpakTHUECKH HE3HAYWTENBHBIM HU OBUIO TpeHHE U
HarpeBaHHE B Yacax, BCE )K€ HE MOXKET OBITh COMHEHHS, 9TO BTOpas TOUYKa
3peHus, KOTopas He mpeHeOperaeT nMH, 0oJiee OCHOBATENbHA, JayKe €CITH MBI
UMeeM [1eJI0 C PEryJIPHBIM IBIDKEHHEM YacoB, MPHUBOAUMBIX B JEHCTBHE
npyxuHoi. 1160 He cremyeT mymaTh, YTO IBIDKEHHE MEXaHH3Ma B CaMOM
JieJie TIOJTHOCTBIO HCKITI0YAeT CTaTUCTUIECKYIO CTOPOHY Iporecca. VcTiuaHas
d)HSHHeCKaS[ KapTuHa HE HUCKIOYACT TOIro, 4YTO AaX€ TOYHO HAYHINE YaCbl
MOI'YT HCOXHWIAHHO IOBCPHYTH CBOC ABUIKXCHHE BCIIATH M 3aBECTU CBOIO
COOCTBEHHYIO IMPY)KHHY 3a CUET MOTEePH TeIlla OKPYXKarolield cpemoit. Ito
COOBITHE HEMHOTMM MEHEE BEpOSITHO, YeM OpOYHOBCKHH MapOKCH3M JUIS
4acoB, COBCEM HE MMEIOIIHX 3aBOJHOTO MEXaHH3Ma.

69. PadoTa 4acoBOro MexXaHMu3Ma B KOHEYHOM CUYeTe
HMeeT CTATUCTHYEeCKHH XapaKTep

JaBaiiTe Temepp paccMOTpuUM co3zaaBlieecss nojoxkeHue. «IIpoctoii»
Cilydai, KOTOPBIH MbI MPOAHATU3HPOBAIN, CIYXUT TUIHYHBIM HPUMEPOM
MHOTUX JpyTHX, IO CYIIECTBY BCEX, KOTOPbIE€ Ha MEPBBIA B3MJIAL HE
[ONAJAT IOJ JACHCTBHE BCEOXBATHIBAIOILEIO IPUHLMIIA MOJECKYJIIPHOU
cTaTucTUKH. Yacel, clenaHHble W3 pealbHOW (u3MyYeckoil Marepuu (B
OTJINYKE OT BOOOpaxaeMbIX ), He OYAYT «peallbHBIM YaCOBBIM MEXaHU3MOMY.
DJeMeHT CITy4aifHOCTH MOXKET OBITh 00JIee WIIM MEHEe CHIDKEH: BEPOSITHOCTD
TOT0, YTO Yachl HEOXKHJAHHO MONHAYT U MOMIYT COBEPILIEHHO HENpPaBHILHO,
MOJKET OBITh OECKOHEYHO MaJoi, HO B OCHOBE OHa Bcerna Oyner. Tpenue u
TEIJIOBOE BIMSHHE CONPOBOXIAIOT IaXke IBIKEHHE HeOecHBIX Tes. Tak,
BpamieHue 3eMIN IOCTETIEHHO 3aMeIISIeTCsl IPHIIMBHBIM TPEHUEM U BMECTE C
3TiM JlyHa MOCTENEHHO yHaysfeTcsi OT 3eMIIH, YeTo HE CIyYHIIOCh OBbl, €Cli
051 3emurst ObUTA COBEPIIICHHO TBEPIBIM BPAIIAIONIIMCS IIIapOM.
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Tem He MeHee ocTaercst (GaKTOM, UYTO «peaJbHbIE YaCOBBIE MEXaHU3MBD)
SICHO TPOSIBISIOT BECbMa BBIPAKEHHBIE YEPTHI «IIOPSAKA W3 MOPSIKa», TO
€CTh TaKWe, KOTOPBIC B3BOJHOBANU OBl (pM3MKA, €CITU OBl OH CTOJKHYJCS C
HUMH B opraHu3Me. Kaxxercs BeposTHBIM, 4TO 00a cilydasi B KOHI[€ KOHLIOB
UMEIOT HeuTo obmiee. OcTaeTcst pacCMOTPETh, B UeM 3aKITF0UAeTCs 3TO 001Iee
U OJHOBPEMEHHO NOpa3sHUTENbHOE pa3jInihe, KOTOpOe JeNaeT OpraHu3M B
KOHEYHOM cyeTe OecrpelieIeHTHBIM.

70. Teopema HepHcTa

Korna xe ¢usnueckas cuctema — J11000H BUJI acCOIMAIMKA aTOMOB —
ClefyeT «IMHAMHYECKOMY 3aKOHy» (B TOM 3HAu€HHMH, KOTOpOe IMpHaaBal
emy IInaHk) wim oOHapyXWBaeT «4epThl YacoBOro MexaHmsma»? Ha stoT
BOIIPOC KBAaHTOBAas TEOpUS J@eT KpaTKUH OTBET: TIPH TeMIlepaTrype
abcomrotHoro Hyns. [Ipy npubnmkeHNn K 3TOH TeMIiepaType MOJIeKyIspHas
HEYIOPSAA0YEHHOCTh MEPECTaeT BIMATh Ha (PU3NUECKUE SBICHUA. DTO OBLIO,
MEXAY NMpoYnM, OOHAPY)KEHO IPH HCCICIOBAHMM XMMHUYECKHX PEaKIUHi B
IIMPOKHUX TEMIIEPATypHBIX I'PAaHHULAX U MPH MOCIEAYIOUEH 3KCTPArONLUuN
pe3ynbTaToB Ha (DAKTHYECKH HENOCTIDKMMYIO TEMIIepaTypy, paBHYIO
aOCOJIFOTHOMY HYJIIO; 3TO W €CTh 3HAMEHUTasl TePMOJMHAMUYECKasl TeopemMa
Banmsrepa Hepncra, KOTOpyr0 HWHOTIA, U He 0€3 OCHOBaHHS, Ha3bIBAIOT
TPETHbUM HAYaJlOM TEPMOJIUHAMUKH (TIEpBOE — 3aKOH COXPAaHEHHUS SHEPTHUH,
BTOPOE — 3aKOH SHTPOIIUN).

KBanToBas Teopus JaeT 000CHOBaHHME SMITMPHYECKOMY 3akoHy HepHcra
¥ TIO3BOJISIET ONPENENNTh, KaK ONM3KO JaHHAs CHCTeMa JOJDKHA IOJOWTH K
abCOTIOTHOMY HYJIIO, YTOOBI BBISIBUTH YEPTHl «IMHAMUYECKOT0» TTOBEIICHUSI.
Kakas jxe TtemmepaTypa B KaKAOM OTACIBHOM CIIydae IPAKTUYECKH
SKBHBAJICHTHA HYITIO?

Tak BOT, HE ClI€AyeT AyMaTh, YTO 3TO JOJKHA OBITh BCETla OYEHb HU3KasI
Temneparypa. JledcTBUTENbHO, OTKpBITHE HepHcTa OBLIO MOJCKAa3aHO TEM
(dakTOoM, YTO Jaxe IpU KOMHATHOW TeMIlepaType OJHTPONHUSI UrpaeT
YAWBUTENFHO HE3HAUMTENBHYIO POJIb BO MHOTMX XMMHUYECKHX pEaKIUsX.
(HamomHiO, 4TO »SHTpOHHUs SBJISETCA NpAMOM Mepod MOJEKyJISpHON
HEYIOPs0UYEHHOCTH, @ UMEHHO ee JIorapu(MoM. )

71. MasiTHUKOBBIE YaCchbl (PAKTHYECKU HAXOAATCH
NPH HYJIEBOM TeMIleparype

Jns  MasTHUKOBBIX YacoB KOMHATHAas TEMIIepaTypa IPaKTHYeCKH
SKBHBAJCHTHA HYyII0. OTO TPHYHHA TOTO, 4YTO OHH paboTaloT
«auHamMudecknw». OHM OynyT MNpoAOIDKaTh MIATH, €CIM HMX OXJaXIaTh
(KOHEYHO, NPU YCIOBUH, 4TO YAaJeHa cMa3Ka),
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HO OCTAHOBATCA, €CJIM WX HArpeBaThb BbILIC KOMHATHOM TEMIICPATyPhIl,
6o B KOHII€ KOHIIOB OHHU pAaCIlJIaBATCS.

72. CX0ACTBO MEXKAY YaCOBBIM MEXaHM3MOM H
OPraHu3MoOM

To, uro OyzmeT cka3aHO HMXKE, XOTS M KaXKETCS BeChbMa TPHUBHAIBHBIM, HO,
g JAymaw, JOCTHrHET uend. Yackl CHOCOOHBI  (DYHKIIMOHHPOBATH
«IMHAMHYECKN», TaK KaK OHHM COCTOSIT U3 TBEPHBIX Tel, (opMa KOTOPBIX
YACPKUBACTCSA FaﬁTJ’[ep-J’[OHI{OHOBCKHMH ChJlaMu  10CTaTOYHO IIPOYHO,
YTOOBI 1/136e>1<aT1> TEHACHIWU TCIUIOBOI'O JABMKCHUA K HAPYHICHUIO IMOPSAIKaA
npu OOBIYHON TeMIeparype.

Tenepp, s Aymaro, HaJO0 HEMHOT'O CJIOB, YTOOBI OINPENEIUTH CXOJCTBO
MEXJIy 4YacoBbIM MeXaHU3MOM U opraHusMoM. OHO 1pocTO U
HCKIIIOUUTENBHO CBOJUTCS K TOMY, YTO B OCHOBE IOCJIETHETO JIEKUT TBEPHOE
TENO — aNepUOTUYECKUIl KpHCTalDl, OOpa3ylomuii HACIeICTBEHHOE
BEIIECTBO, HE TIOABEP)KEHHOE BO3ACUCTBHIO OECHOPSIIOYHOIO TETIOBOTO
JIBUYKCHHUSL.

Ho, moxamyiicra, He craBbTe MHE B BUHY, 4TO 5 OyATo OBl Ha3BIBAIO
XPOMOCOMHBIE HUTH «3yOllaMH OpPraHW4ecKON MalluHbBI», 10 KpaiHed Mmepe
He JejalTe 3TOro 0e3 CChUIKM Ha Te TIyOOKHe (H3MYECKHE TEOpUH, Ha
KOTOpBIX OCHOBAaHO CXOACTBO. [loToMy 4TO, AEHCTBUTENBHO, HE HYXKHO
OOJIBIIOTO KpacHOpEUMsl, YTOObI HAIlOMHHTh OCHOBHOE pa3jInuue MEXITy
HUMH W OIpPaBAaTh JJIsI OMOJOTMYECKOTO Cllydas OSIHTEThl — HOBBIA H
OecnpenenenTHe. Hanbomnee mopa3uTenbHBIMU PA3IMUMSAMH SIBISIOTCS, BO-
MEPBBIX, CBOCOOpA3HOE pacCIpelieleHne «3yOIoB» B MHOTOKICTOYHOM
opraHusMe (s MOTy HAallOMHHUTH HECKOJBKO MOATHYECKOE ommmcanue § 65) u,
BO-BTOPBIX, TO, YTO OTACNBHBEIA 3y0elm — 3T0 HE rpy0oe UelIoBeUecKoe
u3Jenue, a IpeKpacHeHmuil meneBp, KOrga-inoo CO3MaHHBIH MO0 MUJIOCTH
TOCIIOAHEN KBAHTOBOM MEXAHUKHU.
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Onmior. O rerepMruHU3ME U CBO0OIE BOJIH

B Harpany 3a Tpyn no M3JI0KEHHIO YMCTO HAYYHOM CTOPOHBI Hallel
npoOsieMsl sine ira el studio' = MPOIy TETeph Pa3pelnTh MHE BBICKA3aTh
COOCTBEHHBIN, HEM30EKHO CYyOBEKTUBHBIN B3I Ha (hHII0COPCKOE 3HAYCHHE
BOMpOCa.

U3 Toro, 4ro OBUIO M3JIOKEHO BHINIE, SCHO, YTO MPOTCKAIOIIUE B TEJE
JKUBOTO CYIIECTBA IPOCTPAHCTBCHHO-BPEMECHHBIC MPOIECCHI, KOTOPBIC
COOTBETCTBYIOT €r0 MBIIUICHHIO, CAaMOCO3HAHWIO Wi JI00H Apyrou
NEATETBPHOCTH (ake eCM YYecTh UX CIOKHOCTh H COBPEMEHHOE
CTaTUCTHUYECKOE OOBSICHEHHE (U3UKO-XUMHH), €CIH HE BIOJHE CTPOTO
JIETEPMUHHAPOBAHEI, TO BO BCSIKOM cirydae CTaTHCTUYECKU
JIeTepMUHApOBaHbL. [ pusnka s Xody Mog4epKHYyTh, 9TO BOIPEKHA MHEHUIO
HEKOTOPBIX APYTHX VYUYEHBIX KBAaHTOBAs HEOMPEICICHHOCTh, MO MOEMY
MHEHHIO, HE HMMEeT TPHHIUNNAIGHOTO 3HAYCHHS IS OHOIOTHYECKHUX
nporieccoB. OHa MOXET TOJIBKO MOBBIINIATH POJIb CIYYaHHOCTH B TaKHUX
SBICHUAX, Kak MeH03, eCTeCTBEHHbIe M HCKYCCTBCHHO BBI3BaHHBIC
PCHTITCHOBCKUMH JIydaMH MyTallid W T. J., YTO BIIOJIHE IIOHATHO U
JIOCTATOYHO XOPOIIIO H3BECTHO.

Jlns nened mampHEHIEro 0OCYKICHUS WHTEPECYIOMIeH MEHS TPOOIeMEbI
pa3pelInTe CUUTaTh 3TO TOKa3aHHBIM. Tak, o MoeMy yOeKICHHIO, TIOCTYITIIT
OBI KaXKIBII HeTiperyOekICHHBIH OHOIIOT, ecii OBbI, Kak 3TO HepenKo OBIBaeT,
eMy He OBUIO HENPHUATHO YTBEp)KIEHHE, YTO «CaM OH B CYIIHOCTH TOJBKO
YUCTBIA MEXaHH3M». OTO HEMPHUATHOE UYyBCTBO BO3HUKAET IIOTOMY, YTO
MPHUHATO OyMaTh, OyATO Takoe MPEeICTaBICHHWE HAXOMUTCA B MPOTHUBOPEUUHN
co cBOOOMON BONH, CYIIECTBOBAHHE KOTOPOW MONTBEPKIACTCA MPSIMBIM
CaMOHAOIIOICHUEM.

Ho HemocpencTBeHHBIC BOCHPHUATHS, KAKHMH OBl Pa3IHMYHBIMU W
HECPAaBHHMBIMH OHH HH OBUIM, caMH 10 ce0e He MOTYT JIOTHYSCKH
MPOTHBOPEUYHTH JAPYT IPYTY.

[MosTOMy MOCMOTPUM, HE CMOXKEM JIH MBI IOJYYUTh TPABIIBHOE H
HETMPOTUBOPEYMBOE  3aKIIOYCHUE, HUCXONA U3  CICAYIONHMX  JIBYX
TIPEIMOCHIIOK:

1J'IaT. — 6e3 rHeBa v npuctpactus. — [1pum. rnepes.
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1. Moe Teno (yHKIMOHMpPYET Kak YHCTBIH MeEXaHHM3M, HOIYHHSACH
BCEOOIINM 3aKOHAM TIPUPOBI.

2. OmHaKo W3 HEOIPOBEPKMMOI0, HEMOCPEACTBEHHOTO OIBITA S 3HAIO,
YTO sl YNPaBISIO JEWCTBHAMH CBOETO TEla W TPEIBIKY PE3yJIbTaThl 3THX
JeWcTBHH. OTWM  pe3ynbTaThl MOTYT HMETh OIPOMHOE 3HA4YCHHE B
OTIpeZIeTICHUH MOEH CyIbObl, M B TAKOM CIIy4ae sl YyBCTBYIO M CO3HATEIbHO
Oepy Ha ce0st TOJTHYI0 OTBETCTBEHHOCTH 32 CBOM JICHCTBUSI.

MsHe nymaercs, 4TO U3 3THX ABYX MPEANOCHUIOK MOKHO BBIBECTH TOJBKO
OJTHO 3aKJIFOUEHHE, & UIMEHHO, YTO «s1», B35TOE B CAMOM IUPOKOM 3HAYCHUH
3TOr0 CJI0BAa — TO €CTh K&XKIbIA CO3HATENBHBIA pa3yMm, KOIaa-iubo
TOBOPHBIINI MM YyBCTBOBABILIUI «s1», — TPENCTABIAET COOO0H HE YTO MHOE,
KaK CyOBEeKT, MOTYIINI YIPaBIsATh «IBHKEHHEM aTOMOB)» COTJIACHO 3aKOHaM
HPUPOJIBL.

OmnpeneneHHble TPENCTaBICHHs, KOTOPhIE y NPYTHMX HapoJOB HMEIH
KOTIa-To OoJiee IIMPOKOE 3HAYEHHE (@ y HEKOTOPBIX COXPAHSIOT €ro U
TIOHBIHE), B COBPEMEHHOW KynbTypHOU cpene (Kulturkreis) ToaBepriuch
OTpaHWYCHUIO M chenuanusanuu. Ilo3TomMy y Hac MOXKET IOKa3aTbes
HECJIBIXaHHOW JIEP30CThIO MpsiMasi (POPMYJIUPOBKA TOTO BBIBOAA, K KOTOPOMY
MBI IPUNUIM BbIIE. [l XpUCTHAHMHA CIIOBA «3HAYMT, I — BCEMOTYIIMH
6or» 3ByuaT U 60roXynapHO, U 6e3ymMHO. Ho s mpomry uutarens Ha Bpems
OTKa3aTbCsi OT OJTUX MPHUBXOMAIIMX COOOpaXEHHH W PpacCMOTPETh 10
CYIIECTBY, HE SIBIISIETCS JIM TIPUBEJCHHOE HAMH 3aKIII0UYeHHE HANOOIIBIIUM U3
TOTO, YTO MOXET JaTh OHOJIOT, NBITAIOIIUICS OJHUM YIapoM JOKa3aTh M
CYIIIECTBOBaHHUE OOTa M OeccMepTHE JTyIIH.

Camo 1o cebe 3TO IpeacTaBiieHMe He HOBO. HackoibKO MHE M3BECTHO,
HauboJsee paHHUE YIIOMHUHAHUS O HEM HACUMTHIBAIOT yXe IO KpaifHeil Mepe
2500 mer, ecnmu He Oompine. HaumHas ¢ ApEeBHUX BEIHKHUX YHaHI/IH.Iazlz,
mpeAcTaBIeHne o ToM, 49ro Atman=bpaxman (TO ecTh, JWYHas
UHAVBUAYyaJIbHAs [Jyllla paBHA BE3JECYyIUEH, BCEIOCTUTAIOIIECH, BEYHOMU
Jylie), He TOJBKO HE PacCMaTpUBAIOCh B MHIMWCKOW (uiocopun Kak
0OTOXyJIbHOE, HO CYMTAIIOCh KBHHTAICCEHIMEH IIyOOYaiIlero mpo3peHus B
TO, YTO MPOUCXOIUT B MUpe. OOIIUM CTpEMIIEHHEM BCEX YUEHBIX Benantbi’
ObUTO HE TOJBKO HAYYUTHCS NMPOM3HOCHTH yCTaMH, HO WM AEHCTBUTEIHHO
BOCTIPHHSATH CBOMM YMOM 3Ty BeNW4aiimrylo u3 Bcex Mblciaed. O ToM ke,
4acTO HE3aBUCHMO OAMH OT JPYTOro, HO B ITOJHOM COTJIACHH MEXTy CO00I0
(4TO 1O HEKOTOPOH CTENEHM CXOOHO C IOBEICHHEM YacTHIl HJEaJbHOTO
rasza), TOBOPST U MHCTH-

YnaHuwaabl — penurnosHo-gpunocodckmne KHUrM apeBHen UHamn, —
lpum. nepes.

BepaHta — oaHa u3 dwunocodckmx wkon 6paxmaHusMma. — [Ipum.
rnepes.
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KU Ha MPOTSDKEHUU MHOTUX CTOJIETUH, KOTJIa, KaX bl U3 HUX OINKCHIBAET
JUYHBIA ONBIT CBOCH JKM3HU B BBIPAKCHUSIX, KOTOPBIE MOTYT OBITh KPaTKO
nepenansl coBamu: «Deus factus sum» (s cTam 6orom).

Jnsa 3amagHO# (umocoduu 3Ta MBICTR OCTaBajach, OJHAKO, TYKIOH,
HECMOTps Ha ee mponoBeab LllomeHrayspoM U APYruMH, 3allUIIABIIAMH €e,
M HECMOTPS Ha IpUMEp TeX MCTHHHBIX JTIOOOBHHUKOB, KOTOPBIE, TS APYT
IpyTy B TJa3a, YyBCTBYIOT, YTO MX MBICIb U HX PafoCTh HE TOIHKO CXOTHBI
WM UOCHTUYHBI, HO U YHCIEHHO eAnHbl. OIHAKO, KaK IPaBMIIO, TIOOOBHUKHI
CJIMIIKOM TIIOIJIOICHBI CBOMMH OMOIMAMH, '~lTO6I)I CHU30UTH 0 SICHOI'oO
pacCyXacHus, U B 5TOM OTHOIICHWU OHHU OY€Hb HAITOMHUHAIOT MUCTHUKOB.

Pa3pemHTe MHE cIcjlaTb HEMHOI'HUE L[a.m)Heﬁume IIOSICHCHUS. CO3HaHI/Ie
HUKOIJIa HE TMEpPEeKHUBAETCS KaKk MHOXXECTBEHHOE, a BCErja TOJIbKO Kak
equHuyHoe. Jlaxke B TeX MATOJIOTMYECKUX CIyyasX, KOrjaa, Harmpumep,
MMeeTCsl pacHIelIeHHe CO3HaHUSI WIM pPa3[BOCHHUE JHMYHOCTU, I3TH JBE
JUYHOCTH YEPeNyIOTCS OJHA C JPYTOH, HO HUKOT/IAa HE MPOSBIISIIOTCS BMECTE.
Bo cHe MBI, paBna, MHOTAA WCHOTHIEM HECKOJIBKO POJICH B OJHO M TO JKE
BpeMs, HO HCIIOJHSEM IO-Pa3HOMY: MBI BOIUIOMIAEMCS MPEUMYIIECTBEHHO
TOJIBKO B OJIHY W3 HHUX, M B 3TOH POJIM MBI U JEHCTBYEM W TOBOPUM MIPSAMO; B
TO € BpeMs 4acTo OBIBAaeT, YTO MBI CTPACTHO JKAEM OTBETa M OTKIIMKA
JIPYTOro JNEHCTBYIOIIETO JIMIA, HE 3HAs TOTO, YTO €ro JCUCTBUSMU U PEUYBIO
YIIpaBIIsiEM MBI CaMH.

KaK Xe BOO6H_IC MOI'JIO BOSHUKHYTH NPCACTABJICHUE O MHOXKXCCTBCHHOCTHU
CO3HAaHWH (MPOTHUB KOTOPOTO TaK HACTOWYHMBO BBHICTYMAIOT aABTOPHI
Vnanuman)? Co3HaHWE HWHTHMHO CBS3aHO M 3aBHCUT OT (PH3MUYECKOTO
COCTOSIHUSL ONpPEJCIICHHONM 4YacTW MaTepuu — OT Tena (BCIOMHHTE
pasiIuyHBIC IyIIeBHBIC W3MEHEHUsS, MPOWUCXOMAAIINE BO BpeMsS pPa3BUTHSA
OpraHu3Ma, HaTlpuMep, MPH CO3PEBAHUH, CTAPEHHUH, CTAPUYECKOM CIIa00yMUH
W T. 1., WIK HACTyMAaIOIWe WOJ JeHCTBHEM IMXOPAAKH, OTPAaBICHHUS,
HapKo3a, MMOBPEXISHUS Mo3Ta | Ip.). Ho Takux 4emoBeYecKux Tel uMeercs
MHOXecTBO. EcCIi MCXOOUTh U3 ATOTO, MPEICTaBICHHE O MHOKECTBEHHOCTH
CO3HAHWH WIM WHTENICKTOB KaXXETCS BeCbMa YOEOUTEIbHOW THIIOTE30il.
BeposiTHO, Bce mpocThie, HEMPUTA3aTEIbHBIE JIIOJIM, TaK KE KaK U OTPOMHOE
OOJIBIIMHCTBO 3aagHbIX GUI0CO(OB, CUUTAIOT €€ BEPHOU.

IIpunsaTHE 3TOM THIIOTE3BI IOYTH HEMUHYEMO IIPUBOJUT B AlbHEHUIIEM K
MPU3HAHUIO JAYII, CTOJb >K€ MHOTOYHCIICHHBIX, KaK W Tela, U 3aTeM K
BOTIPOCY, TaK K€ JIM CMEPTHBHI 3TH AYIIH, KaK Teja, WiIH, Hao0OpOT, OHU
OeccMepTHBI M MOTYT CYIIECTBOBATh COBEPIICHHO CaMOCTOSATeNbHO. [lepBas
MBICTTH TIPOU3BOJIAT HA BCSIKOTO YeJIOBEKa KpaliHe HEMPUATHOE BIIEUYATIIC-
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HHE, TOT/la KaK IOCIJeHssI OTKPOBEHHO 3a0BbIBAaeT, HTHOPHPYET M Aaxe
BOBCE OTPHULAET MMEHHO T€ MPENNOCBUIKM, Ha KOTOPBIX OCHOBaHa caMa
THIIOTE3a MHOXXECTBEHHOCTH. VHOTIa CTaBMIIMCH AaXke ele Oosee Helemble
BOIIPOCHI, HAIpUMEpP — €CTh JIM JIylla Yy >KHBOTHBIX? 3afaBaics Iake
BONPOC, HMMEIOT JHM MAylly SJKEHIIWHBI MIM OHAa CBOMCTBEHHA TOJBKO
myxunHam?  IlomoOHble  HampaBiIeHUs] B pa3sBUTUM  TUIOTE3bI
MHOKECTBEHHOCTH CO3HAaHMH HOCHIM, IIPABJA, XapaKTep SIBHO HEYJIaYHBIX
nonbITOK. OHAKO OHM BCE K€ JOJDKHBI BHYIINTh HAM M3BECTHBIC COMHEHHS
B IPAaBWIBHOCTM OTOW TOYKM 3pEHHUs, KOTOpas CBOMCTBEHHa BCEM
O(i)I/IHI/IaJ'[bHI)IM 3alaJiHbIM BCPOBAaHUAM. Ho He cknoHseMcs TH MBI K (S11(&
OoubIlIeil HENENOCTH, €CM, OTOpachiBas upe3MepHbIE CyeBEpUsl TaKhX
BEPOBAaHMUH, MBI COXpaHJIEM MX HAUBHYIO W0 MHOXECTBEHHOCTH [IyI,
HCIPABISH €€ YTBEPXKACHHUEM, UTO ATHU AYIIU TICHHBI MU YHHUYTOXKAIOTCS
BMECTE C TelnaMu?

EnvHCTBEHHOE, YTO HaM OCTaeTCs, — ATO NPUAEPKUBATHCS JaHHBIX,
MOJ[y4EHHBIX M3 HENOCPEICTBEHHOIO OIBITAa, & HMMEHHO, YTO CO3HAHUE
MPEACTAaBISIET CO0O0H SIBICHME, IO CAMOMY CBOEMY CYIIECTBY €IMHHYHOE,
JUI1 KOTOPOTO MHOXKECTBEHHOCTb HE HW3BECTHA; 4YTO CYHIECTBYET TOJIBKO
€IMHUYHOE, & TO, YTO KaXKETCS MHOYKECTBEHHOCTBIO, SBIIETCS JHIIb PSIOM
Pa3NUYHBIX ACHEKTOB 3TOr0 €AMHHUYHOTO, KOTOpBIE HaM CO37aeT WIUIIO3US
(maouiickas Maiig). Takas ke WUTIO3HMS BO3HHKAeT B rajepee 3epkaji, U B
CUITy 2TOM WUTIO3uW ['aypusaHkap M DBEpecT OKa3aIUCh OJHUM H TEM JKe
MUKOM, TOJIBKO PacCMAaTPUBAEMBIM U3 Pa3HBIX nomH’.

KoneuHo, pa3nuuHble MyJIpeHBIE POCCKA3HH O MPHU3PaKax-HLIIO3MIX,
MIPOYHO 3aKPENWINCh B HAIUX yMaxX M MPEMATCTBYIOT MPUHATHIO IPOCTOrO
UCTHHHOTO TIOHMMaHMs AEHCTBUTENBbHOCTH. Hampumep, yTBepKIand, 4TO
€CIi 32 MOMM OKHOM CTOMT J€peBO M s TIDKYy Ha HEro, To B
JIEICTBUTENILHOCTH 1 BCE K€ HE BHXKY JTOro JiepeBa. bruarogaps HekoTopomy
XUTPOYMHOMY» MEXAHU3MY BOCHPUATUA, Y KOTOPOTO HCCICAOBAHBbI JIMIIb
MepBbIe, OTHOCUTEIHHO MPOCTHIE CTYIEHH, PEAIbHOE IEPEBO BHI3BIBAET CBOE
oToOpa’keHHe B MOEM CO3HAHWH, U UIMEHHO TOJBKO 3TO 0TOOpakeHHe JiepeBa
s 1 y3Haro. Eciu Bl BcTaHeTe psiIOM CO MHOM M TOK€ MOCMOTPUTE Ha 3TO
JIEpeBO, TO OHO BBI3OBET CBOE OTOOpaXKeHHE U B Baleil aymre. M Xots s BxKy
CBOE JIepeBO, a BBl — CBOE (3aMeyvaTelIbHO TI0XO0XKee Ha MOE), MBI BCe XKe He
3HaeM, 4YTO MpEeACTaBIsieT co0oil nepeBo camo 1o cebe. 3a Takoe
SKCTpaBaraHTHOE MOCTPOeHUe OTBeTCTBEHEH KanT. B To#l cucteme

4 3pnecb LlpeavHrep ponyckaeT SBHYHO OroBOpky, wbo Ha camMoMm pene

FaypvsaHkap v DBEpecT, paHee CYMTaBLUMECS OLHOW BEPLUMHON, Ha CaMOM
[lefle 0Ka3anucb pasHbIMU NUKaMu. — [IpuM. rnepes.
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ujell, KOTopas paccMaTpHBaeT CO3HAHMe Kak singulare tantum’, sta
9KCTPABAraHTHOCTh JIETKO 3aMEHSETCS YTBEP)KICHHEM, 4YTO, OYEBHIHO,
UMeeTcs TOJbKO OIHO [IepeBO, a BCE PACCYKAECHHS OTHOCHUTEIBHO
OTOOpaKEHMI MPEACTABISAIOT COOOM TOJHKO UCTOPHIO C IPU3PAKAMH.

OpHaKO y KaXIOro M3 HAaC €CTb HEOCIIOPHMOE IIPEICTaBICHHE, 4YTO
o0Ias cymMma ero CoOCTBEHHBIX MEPEeKHMBaHUW W BOCIIOMHUHAHUI 0Opasyer
HEKOTOPYIO €AMHHMILY, SICHO OTJIMYAIOILYIOCS OT TaKOH jKe eJIMHHMIBI JII0O0T0o
Jpyroro yenoBeka. OH ccbUlaeTcs Ha Hee, Kak Ha cBoe «s». UTo ke Takoe 3To
«i»?

Ecnu BbI Oynere npucTansHO aHAIM3MPOBATh 3TO «51», TO S JyMaro, BB
npuieTe K 3aKIIOYEHUIO, YTO OHO MPEACTaBIsieT coOOl Bce ke HedTo
OoutbIriee, 4eM IIPOCTOH HAOOp OTAENBHBIX BOCHPHUATHH M BOCIIOMUHAHUH, U
CIYXHUT HMMEHHO TOM KaHBOH, Ha KOTOpOW OHHM Hakomistores. [lpu
BHUMATEILHOM CaMOHAOJIOICHUH BBl HEMHHYEMO TIPHJIETE K BBIBOAY, UTO
TO, YTO BBI PEabHO NMPHUHUMAIH 32 «D», — 3TO U €CTh OCHOBA, HA KOTOPOH
coOMpaIOTCsl Bce ITH NMEPEXUBaHU. BBl MOXkeTe yexaTb B JIpyTrylo CTpaHy,
mepectatb BHICTh BCEX CBOMX Ipy3eH, MOXETE IOYTH 3a0bITh HX; BBI
npuodpereTe HOBBIX JIpy3eil, OyleTe WHTEHCMBHO YYacTBOBaTh B OOILEH
JKM3HU C HUMH, KaK KOI/Ia-TO CO cTapbiMH. Bce MeHee W MeHee Ba)KHBIM
OyzmeT Iuii Bac TO, YTO BBI, JKUBSI HOBOHM >KHM3HBIO, IPOJOJDKAETE elle
BCIIOMHMHATh CTapyto. Bbl, MOxeT OBITh, CKake€Te O CBOEM IPOILIOM B
TPEThEM JIUIIE: «IOHOIIA, KOTOPBIM s ObLI». ['epoil unTaemoro BaMu pomana
MOXeET cTaTh OJIKe BameMy CepAlly M 3HAuuTEIbHO Ooyiee KHUBBIM H
3HAaKOMBIM, 4eM 3TOT foHoma. OmHako 37ech HE OBUIO MPOMEXYTOYHOTO
nepesioMa, He ObuTO cMepTH. M nmaske ecnmu MCKYCHBIH THIHOTHU3Ep CyMeeT
COBCEM BBIUEPKHYTh U3 BAIllET0 CO3HAHUS BCE BAIIM PAaHHHE BOCIIOMUHAHUS,
TO W TOTAa BBl HEe OyJeTe CUMTaTh, YTO OH yOmn Bac. Hu B kakoMm ciydae
3/I€Ch HET IOTEPH JIMYHOTO CYIIECTBOBAHMUS, KOTOPYIO HAJ0 OTUIAKUBATb.

U nukorna ue Gyaer!

° NaT. — eANHCTBEHHOE TONbKO. — [1pUM. nepes.
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