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Ehil* I ni i\n[ch [ mioh” \[mcmojih gbclb g_nbi*m i° gch*
n_Icha \__m mo]]_mm’offsch Jif* Jfcg[n_m J[h \_ ‘ioh” *) cn\_*
lig_m h_]_mmlls ni oh”_Imn[h® nb_ oh”"g_hn[f jlch]cjfim i" nb_
g_n[\ifcmg i nb_clgchn_| Jfomn_lch |_flncih ni ionmc™_n_gj_I[*
nol_m+Pb_ jl m_hn[]l_jn_" nb_ils mn[n_mb[n[mnb_ion c*_n_g*
j_I[nol_m ~ Jfch_\ fig [\ion 22{ ni 24{ B+nb_\_mJ_ ‘il_»
ni nb_jlitolncih  i° b_[n\s [h ch]l_[ _chgom]of]l [Incpcns+ =m
nb_ n_gj_ I[nol_ i° nb_ [cl cgg_"c[n_fs mollioh"cha nb_\_ m
n_[lb_mnbenf_p_f)[ ~_‘chen_gchn_| Jfomn_l cmilg_"+ =fmi) nb_
n_gj_l[nol_ [n nb_j Icjp_Is i" nbcnjfomn_Ilcng[chn[ch_” [n [\ion
nbcrm_gj_I[nol_  f_p_f) chmi[l [m jimmc\f_+ Ehil*_| ni g[chn[ch
nbcnj_Icjb_I[f  n_gj_I[nol_ [m ionmc™_n_gj_I[nol_m * ]Jfch_) cncm
[mog_" nb[n nb_\__m chmc” nbenjfomn_| ch]l_[m_ nb_cl go ]of]l
[Incpens [h™  Jihm_ko_hnfs Jihmog_ al_[n_| [giohn i nb_cl][I*
\ibsMl[n_  ii")  bih_s) nb_ _h” jlitojnm i nb_ g_nQifcmg i
gbclb [I_ b_[n)][\ih Acirc™_ [ g[n_l pljil+ Pbom) [J]ircha
ni nbc nb_ils) [mionmc™_n_gj_I[nol_m \ Jig_ al_[nfs ~ jl_mm_»"
nb_Jihmogjncih i© mnil_m[h” gom]of{l [Jncpcns\s nb_\_m][l_
al_[nfs ch]l_[m_») nbioab nb_ _rn_hn [h* I[n_ i" mo]b ch™o] "
g_nQifc] jlii_m _mb[p_ hin \_h ~ ‘chen_fs® n_Igch_"+

Pb_ jilnc][f [jfc]incih  gbclb b[m\__h g[*_ i nbc nb_ils
b[ |_mofn_~chnb_\ fc_ " nb[n\__mqgchn_|_» ch]if* Jfcg[n_ gomn
\_ acp_h[ al_[n [giohn i jlin_Jncih \s chmof[ncih[h* qgch"*
\l_[em ‘lig _r]_mmcp_fdig ionmc” n_gj_I[nol_m [h* nliha gch*
n_l gch®m+ D_h]_) nb_jlInc]_ i ljfJecha! nb_]Jifihc.m i* \_m
gcnb o]b chmoffncihg[n_Ic[fm [m m[g®omnil nl[q ni [ nbcleh_mm
iv “lig / ni .1 chlb_mb[m~ p_ fij "+

Dig_p_l) nb_I 9%_ g[hs mo]]_ mof Jigg_l]c[f \_e jIm
ch Ssigcha)  ?ifil[™) Qn[b) EAbi [h" inb_| giohn[ch n[h_m)m
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g_ff [minb_l [I_[m i" nb_hilnb_lh mn[n_ngbi b[p_ hin ji[jnc]_»
gchn_I chmof[ncihi® nb_clJifihc_m i© \__mil b[p_ acp_h\on fcnnf_
jlin_]ncih  ch [*cncih ni nb_ilrchlls  bep_\irs+  fXflhs i© nb_ _
\_e jIm b[p_ nlc_" b_[ps chmof[ncihi" nb_cl\__m ”olcha nb_
gchn_I\on i hin “ch” nb[n nb_I_mofnndomnc’sib_jl[Jnc]_+ Sch”*
\I_[em [I_ jl_nns a_h_I[ffs om_")l_a[l*X_mmi inb_| jlin_]ncih+

Bolnb_Igil_) cnb[mi'n_h \__h i\m_lp_~ nb[n h_af ]n_» ]ifi*
hc_m’ \__m)mig_ncg_mchg[e_*mbc'nbcp_nij_h_~ \s glhs ]iJem
ni nb_q_[nb_I) g[s lig_ nblioab I[nb_| m_p_l_qgchn_l Jih"cncihm
ch aii®  mnl_hanb)nbioab iJ][mcih[ffs nb_I_[I_ m_p_|_fimm_n
mo]b Jifihc_m+ =fnbicab *_n[cfm’il nb_[h[fsmcmi® nb_m_mcno[*
ncihm[l_ i\pciomfs f[Jecha) nb_clbcmnilscmmii'n_h |_j_[n_~ nb[n
cnen™eclofnni Jigif_n_fs cahil_ nb_clcgjiln[h]_ il [nn_gjn ni
_riflch  [g[s nb_cl mcahc'c][h]_+

Pb_ _h" |_mofnm nb_ngi al_[nfs ~cp_la_hnnsj_mi" ionAiil
gchn_Ichai® \__mchlif* Jfeg[n_m]l_[n_m [ j[I[Nir gbc]b ][hhin
\_ _rflch.  _hnel_fs\s nb_[Q\ip_ mn[n_"nb_ils i" nb_ qgchn_I
[Incpensi® \__m+ CH[*m ih_ ni gih* | ¢ nb_I_g[s \_ inb_l
‘[Inm Jih]_lhcha nb_"oh*g_hn[f g_n[\fcmg i nb_qchn_| Jfomn_I|
i \_mqgbc]b g[s hin b[p_ \__h “cm]fim_"\s nb_qile i j_*
pciom chp_mnca[nilm+Eng[m qcnb nbcrmbioabn ch gch® nb[n nb_
I_m_[Ilb b_l_ch Ljiln_* g[m jlim_]Jon_"+

= NAREAS KB PDA HEPAN=PQNA
Pb_ I_mofnmi \_ acp_h ch nbenjj_I n_h” hin ni \_[I ion

mig_ i© nb_ mn[n_g_hnng[®*_ \s jl_pciom chp_mnca[nilmi® nbcm
jINf_g+ D_h]) [nn_hncihc ][ff_* ni nb_gil_ cgjin[hn Jih*
nic\oncihmih nb_mo\d_]n[h™ ni [ mogg[ls i nb_I_mofnmacp_h+
C[n_m &E'& jcih__ | ~ chnb_chp_nca[ncihi nb_qchn_| [J*
ncpcnsg” \__m)mno”scha‘cfs fim chqg_cabn[h® n_gj_I[nol_ |_[]*
ncihms nb_om_i" jl_Jemcih g_llols nb_Igig_n_Im+ Dcm’ch*"cham
g_l_7 #Q$ Pb_ I[n_ i* Jihmogjncih i nil_m _rbc\cn_~[ |_flncp_fs

Jihmnlhn ~ JI_[m_ big ...-hnb ni gihnb7 #Q$ nb_ [gjfcno™_
pllc[ncih chlfo n_In_gj_I[nol_ p[lc_ \_ng__h /{ ?+[h" /5{ ?2+7

#laYOR™_ VZ j[I_hnb_mcmRSRA[ =V'RAN'a"R 5V'RQ N' ‘URRZQ[S ‘UV_OaXXR'VZ&
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#S$ nb_g[rcgog Jfomn_In_gj_I[nol_ iJJoll_* jl0nc][ffs  mcgof*
nh_io Esqcnb nb_ gchcgog ionmc™ )[h nb_gchcgog Jfomn_|
n_gj_l[nol_ dYSWQU aQ%T$ Jfomn_I_rj[h cih [h" Jihni[Jncih  g[m
hin_~ chl_flncih ni g[lg [h" Jif* q_[nb_l) I_ j_Jncp_fs8 [ #U$
[h chn_llb[ha_ i" \__m’lig nb_ionmc™ ni nb_chmc™i© nb_Jfomn_|
[p™ \le g[m i\m_Ip_* chnb_]Jfomn_I+ Pb_ gchcgog ionmc” _n_g*
j_I[nol_ "olcha nb__ _rj_lcg_ hnm q[ .1~ B+

Lbcffcj [ @_gonb &' lihncho_” nbcngile ih n_gj_I[nol_
|_[Incihm) I_jflcha g_llols nb_lgig_n_|I  gcnb nb_lgi*]iojf_m+
Pb_s mnl_mm][m nb_cl gimn cgjilnfhn  Jih]Jfomcih nb_ "[Jn nb[n [m
ionmc™_n_gj_l[nol_m °[ff \_fig nb_]Jfomn_Ichan_gj I[nol_) gbc]b
cnjjlircg[n_fs 24- B+)nb_\_m\_ach ni a_h_I[n_b_[n\s _rnl*
hilg[f  [Incpcns)gbc]b [Incpensch]l_[m_mni [h [fllgcha ~_al__ [m
fiq n_gj_I[no_m [_ I[]b_"+ Pb_s i\m_Ip_* nbc [Jncpcns[m [
gipcha i© nb_[Wig_h ‘lig mc”ni mc™[h" nb_"[hhcha i© nb_
gcham+ Pb_cl jo\fcmb_» ~[n[ Jip_l.~ [ j_lci® i nbl__ A[sm% r*
j_lcg_hn[ncih qcnb [ gchcgog ionmc™ _n_gj I[nol_ i° 06{ B+

Icth_I [ @_gonb &0' g_[mol_~ nb_I[n_ i g_nfifc g i
\__mgbcf_ Jfomn_I_~[n n_gj_I[nol_m I[hacha \_ng__h 1/+5{ B+[h"

15+)2{B+\s g_[h i [ I_mijcl[ncih ][filcg_n_I+ Pb_cl cgjiln[hn
Jihnic\oncih ¢ [ ~_gihmnl[ncih i nb_[]n nb[n\_moh™ | nb_m_
Jih"encihm j_Tilg [h [giohn i qile Jigj[I[\_ gcnb nb[n Nih_
\s [ glh [n b[* fQ\il) jioh~ il jioh™+  Dig_p_l) nb_s [fmi

I_Ib_~ nb_bsjinb_nc][f ]Jih]fomcih nb[nnb__h_las ionjon oh"_|
lif*~  q_[nb_I Jih"cncihm gomn \_ _hilgiom) jl_ og[\fs go]b
al_[n_I nb[h nb[n gbc]b nb_s[no[ffs \m_Ip_"+

Lbcffcjm [0 @_gonb) &1") &2' [ &3") fln_I g[*_ jI[Inc][f
liifc]ncih  i" nb_cljl_pciom chp_mnca[ncihfh™ ][ff [nn_hncih ni
nb_iffigcha  jichnm7 #P$ Qhf_ m\__mJ[_ q_ff jlin_]Jn_~ \s ch*
mof[ncih ~olcha nb_qchn_I) nb_]Jifihs qcff a_h_I[n_[ al_[n [giohn
i" b_[n [ V\olh cn_f ion8 #Q$ cnc cgjimmc\f_ ni chmof[n_\__m

nii b_[pcfs Molcha qchn_I8 [0 #R$[ n_gj_I[nol_ " 1-{ ni 12{ B+
cm_mniil \__ ] ffllm) gb_|I_[m [ n_gj_I[nol_ \ fig 1-{ B+cmch*
pllcpfs  \[* il nb_\_m)[h* [ Lffl chgbclb nb_n_gj I[nol_

ai_ [ Eigf °I__tcha cnhin [ “enf_ il \_m+
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Scf ih [ Icfog &4' ~clal[g[nc][ffs Jiff_~  [nn hncih ni
Jfomn_I _rjlhmcih [h” Jihnl[Jncih) \on “~c” hin m_niinb nb_ mca*
hc'c][h]_ i© nbcnb_hig_hih+ Pb_s [al__ gcnbjl_pciom [onbilm
nb[n '=m nb_n_gj_I[nol_ ionmc™_nb_ Jfomn_I\ Jig_ fig_l) nb_
n_gj_I[nol_ qgcnbchnb_]fo n_| \_]Jig_m bca_| oj ni [ p[lc[\f_
fcgen+! %E%lbenin_g_hncmhin Jf_[Iifs A _gihmnl[n_" \s nb_cl [n[+
@olcha nb_Jif* mn j_Ici* &*EOB+'+nb_bcabjichn chnb_Jfomn_lI
glm 51{B+) gb_I [ cn folno[n_m\inb g[sm ‘lig nbcnjichn "ol*
chalinb q[lg [h" Jif* j_Icim+ > ]Jlom_ nb_s jfinn_~ [ Jolp_
il _[Ib nb_lgi*liojff_  ch ]blihifiac][f i) nb_cl?n[ [I_ ~c'*
‘clofn ni [hfst_ [h" chn_lj_n+ Pb_s g[*_ nbcnp_Is mcahc'c][hn
mn[n_g_hn)ybclb cmb[I*fs Jigj[nc\f_  gcnb nb_ "il_aicha  Jih]fo*
mcih) !Pb[n) |_a[l*f_mm i nb_[giohn " chmof[ncihjlipc® »* nb_
Jifihc_m) nb_sg[chn[ch [ion nb_m[g_ bcabn_gj_I[nol_ [h" ion
nb_ml[g_[p_l[a_ n_gj_I[nol_ i nb_Jfomn_I+!

D_mm&5' Jih‘'clgm nb_"ch~cham®™ inb_| chp_mnca[nilnth nb_
chp_Im_n_gj_I[nol_ |_flncihmbcd i nb_ Jfomn_I ni ionmc™_n_g*
j_I[nol_+ Dcmi\ _Ip_~ hilg[f [gjfcno®_ i" pl[ic[ncih cm_ng__h
35{ B+[h" 53{ B+

Dcgg_ | &6' cm[fmi ch[al__g_hn ojih  nbcnrm[g_ jichn i

n_gj_I[nol_ |_fincihmbcjm+ D_ [fmi Jen_~[ p[lc[ncih chnb_qchn_lI
Jfomn_I\_nq__h 35{ B+[h* 53{ B+ = mno”si° nb_fimmchq_cabn
Jichlc®_hn gcnb n_gj_I[nol_  L_Ji"m jlip_® ohm[ncm™[Jnils) \on

nb_Jih]fo cih g[m M[gh nb[nih nb_gbif_ nb_gil_ m_p_|_gch*
n_I Jlom_~ [ flla_l Jih olhjncih i© mnil_mnblh nb_gcf* qchn_I)
\on nb_"c™_I_h]_ g[m mi mg[ff nb[n cng[m hin mcahc c][hn+

D_ “olnb_I ‘ioh® nb[nJihncho_» Jif* q_[nb_| b[* [ mglff_I
ch*fo_h]_ ih Jihmogjncih nblh "I_ko_hn [ f[lla_ n_gj_I[nol_
“fo]lno[ncih+ Pbcm[onbil crn\_ “clmmni jichn ion nb_al [n mca*
hc'c][h]_ i" nb_Jihm_lp[ncih i hilg[f g_nQifc] b_[n\s nb_g |
In i© nb_Jfomn_Icha® JifA*\fiin_~ ilalhcmgm) gbclb b_ ch”c][n_*
gls [giohn ni O-{ ni 02{ B+chnb_]J _ i [ Jfomn_li" \_m+
Dcgg_f% ~c” hin "ch” [h chn_llblha_i" nb_\__ “l-.. nb_mol[_
ni nb_]_hn_Ii" nb__ff n_fg" Jih]fo® A~ nb[nmo]b[h [Jncpcns”~ch
hin nle_ jfl_+ ?ihm_ko_hnfs) b_ [*p[h]_* nb_nb_ils nb[n nb_
chh_I \_mJ[_ ch™]_" ni [Jncpcns\s [ g_lb[hc][f cgjofm_ cg*
jln_~ \s nb_mol'[[_ \_m+
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Eh moggcha oj nb_|_pc_q i" nb_fen_I[nol_ cnfjj_[Im nb[n
[ff i nb_[onbilm [I_ ch[al__g hn ojih nb_"iffigcha jichnm7

+ Pb[n [ nb_ionmc”_qgchn_| n_gj_I[nol_ ~ ]fch_m)nb_n_g*
j_Inol_ chnb_] hn_Ii" nb_Jfomn_llcm_n{p" dYSWU aQ'

+ Pb[n [ iontil  n_gj_I[nol_m ~_Jfch_\ fig nb_Jfomn_Icha
n_gj_l[nol_ al_[n_|I g_n[ifcmg gcnbchnb_ Jfomn_| cmch*
/\0]_/\+

PA?DIJEMQA
9UbU Y\QbY]\ 1V 9QYZAlaa Y\ HIUYWXPb | [I_ Ciol jim*
c\f_ g_nbi“m \s gbc]b [h ch”_r ni nb_g_np\ifcmg i° nb_qchn_l|
Jfo n_f% \__mg[s \_ i\n[ch_."+ Pb_ )chnb_i* | i nb_clcg*
jiinfhl_  [h™ jl]Jemcih) [I_7

c= Pb_ "~ _n_lgch[ncih i nb_][Nih  “circ®_ ionjon+ =n nb_
ncg_nb_chp_mnca[ncin |_ch I_jiln_* q_|I_ \_aoh) nb_ihfs jim*
c\f_g_nbi* i© g_[molcha nb_][Nih  “circ®_ ionjon i" nb_Jifihs
gm \s g_[hm i" nb_ I mijcl[ncih ][filcg_n_I+  Pbcm[jilnom cm
i\pciomfs hin [AIn\f_  ni [ mno”si” nbcnjli\f_g gb_h cnc ~_*
mcI\f_ ni b[h~f_ nb_Jifihc_m hilg[ffs ion i" 7iilm+ D_h]_) nbcm
gimn jl_Jem_ i [ff i nb_g_nbi"m i**g_[molcha nb_I[n_ i" g_n[\*
iftmg i nb_\__ Jiof* hin \_ om_"+

+ Pb_ ~ n_lgch[ncih il nb_"cfs Jihmogjncih " bih_s \s
g_[hm i" I_Jircha nb_~cfs fim chqg_cabni® nb_Jifihs+ -0 nbcm
g_nbir giof* jlipc"_ [ jl_Jem_g_[mol_ i nb_"[cfs h_nJihmogj*
ncih i bih_s cnqgiof* \_ gil_ mcgjf_ [h™ [m [JJol[n_ [m nb_
g_[mol_ i" nb_][Nih  ~circ®_ ionjon+ Dig_p_l) ‘iol p[lc[\f_
[IL chpifp_® gbclb [I_ A~cclofni® [\ ifon_ Jihnlif  [p~ jlij_|
glnb_g[nc][f [h[fsmcm+ Bclmn)nb_|_ crnb__jim c\cfensi®  nb_ Jih*

A _hmi[ncih ojih nb_chh_l jilnm i" nb_bcp_[h" nb_bsali lJijc]
[\milincih  \s bih_s i nb_g_nifc] q[n_| jliro]_ "+ O_Jihn)
nb_[JJogof[ncih i "_]_m”o_ ni ]_In[ch oh”ca_mnc\f g[n_Ic[fm ch
nb_bih_s gbc]b [I_ I_n[ch_” gcnbchnb_| Jnog “olcha Jif* q_[nb_I
[p™ _r_ff A~ ionmc™ 0" nb_bep_gb_h q[lg g_[nb_| gle_m ‘fcabn
jimmc\f_) gomn\_ Jihmc™ _|_"+ Pbcl?) \__mqgbc]b “c_”olcha ]if*
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The removal of dead bees was of less consequence than the
factor of accumulated feces. During the periods studied, few
dead bees were taken out of the hives, as the weather was not
ordinarily sufficiently warm to facilitate such activity.

The scales used in the experiment were graduated to 4th
of an ounce and broke readily with this amount of change in
weight. Records were taken from each colony daily at 8 a. m.
No disturbances detected by temperature increases within the
cluster were noted because of the taking of these weight records.

Temperature Measurements, All temperature measurements
taken inside the colonies were electro-thermically made by the use
of thermo-couples. The thermo-couples were made of number 30
gauge copper and constantan wire. A I.eeds-Northrup precision
mirror galvonometer and a potentiometer sensitive to 1/20th of
a degree thermol differential measured the flow of electrical cur-
rent. The cold junction of the thermo-couple circuit was stand-
ardized to 0° C. by immersion in cracked ice and water contained
within a thermos bottle. The rapid reading of the 84 to 126 dif-
ferent thermo-couples used was facilitated by means of 24-point
double-contact Leeds-Northrup rotary switches. The potentiome-
ter was calibrated to degrees of temperature at the factory. At
the beginning and at the end of each experiment the thermo-
couples were tested and none was ever found to be giving an in-
accurate reading.

Twenty-one thermo-couples were introduced into each colony
and arranged according to Figures 14 to 16. All spaces between
combs in both the horizontal and vertical planes within the hive
body occupied by the hees were thus covered. The arrangement
was such that the greater proportion of the thermo-couples would
be within the winter cluster most of the time.

Fach thermo-couple was protected inside of the colony with
a thin sheath of pyralin tubing. This assured the fixation of the
location of each couple at a definitely pre-arranged point. The
pyralin tubes were imbedded vertically in a sheet of pyralin which
was placed upon the top of the hive body much as an inner cover.
Thus, all of the couples were introduced into the hive body be-
tween the combs at one operation. The relative transparency of
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the pyralin sheeting made it possible to observe any abnormal
activity which might be induced by the introduction of the pyralin
tubes. No abnormal reactions were observed.

The wires coming from each pyralin tube were imbedded in
the pyralin sheeting with a heavy coating of beeswax and resin.
Finally, all of the lead wires were consolidated for each hive at the
edge of the sheeting and carried into the instrument laboratory
through rubber conduits.

For this particular study it was desirable to have only the
temperature readings following the period of minimum outdoor
temperature. As a consequence, for the most part only the tem-
peratures taken at 8 a. m. daily are taken into consideration, al-
though readings were taken at all periods of the day and occa-
sionally the night during the winter of 1926-27. 'This was also
done during some of the cold periods of the winters of 1927-28
and 1929-30. Such temperature records correlated with the time
of day have been well studied and analyzed by previous investiga-
tors and will be largely omitted from this paper.

The Construction of the Winter Protecting Cases. In order
to give a further check upon the relation of the metabolism of the
winter cluster of bees to outside temperature, the colonies were
given varying degrees of protection from outside temperature in-
fluences. During the winter of 1926-27, Colony Number One was
placed inside of a single packing case and given 6 inches of saw-
du st insulation on the sides and the top. Only the 74-inch pine
board flooring protected it from the bottom, and the case rested
upon the platform of the scales in such a way as to allow free
access of the wind to it. Colony Number Two had no protection
from the cold in addition to the ordinary ro-frame summer hive,
except the top protection of the pyralin sheet, an inner cover and
a pad of tar paper. Colony Number Three was protected with
several thicknesses of newspaper and finally wrapped in tar paper.
Upward ventilation was given, i. e., a one-inch auger hole entrance
was bored in the lower hive body near the normal entrance posi-
tion, and another midway up on the upper hive body. Colony
Number Four was insulated in exactly the same manner as Num-
ber Three, but the upward ventilation was omitted.
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During the winter of 1927-28, Colony Number One was in-
sulated the same as Number One of the previous year, except that
six inches of sawdust were added to the bottom of the packing
case. This additional protection seems to have a significance which
will be pointed out later. These methods of protection were fol-
lowed out from year to year according to the following chart:

COLONY NUMBERS WITH REFERENCE TO DEGREES OF INSULATION

Slingle Single T
A A 'ar Paper Tar Paper
i Péckmg Packing Packing Packing
ases Cases No. A b
Year : : : with with
without with Packing Novaial [ Upward
g:;ﬁ?:; g::{:’:; Ventilation Ventilation
1926-27......... 1 v 2 4 3
1927-28......... | & 1 2 | 3
1928-29......... 2 1 34 5 6
1929-30......... 33 ‘. 3 1 2

Two standard-depth hive bodies were provided for each col-
ony. During the period studied the normal entrances were re-
duced to the size of a one-inch auger hole.

The Kind and Amount of Bees. The bees used during 1926-
27 were Italians and during 1927-28 they were Caucasians. In
each case they were from 3-pound packages established the pre-
vious spring. The queens had all passed through but one honey
flow. During the winter of 1928-29 Causacian bees were again
used, with the exception of Colony Number Four, the bees in
which were Italians. This colony, unprotected, was placed beside
the unprotected Causacian colony in order that any differences in
racial reaction to winter temperatures might be noted.

Caucasian bees were used in all of the colonies in the 1929-30
experiment.

These colonies were afforded excellent protection from winds.
They stood within a few feet of a four-story building, which pro-
tected them on the west. On the east a group of evergreen trees
further broke the effect of winds.

Table 1 gives the weights of the various lots of bees at the be-
ginning and close of each winter period.
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TABLE |I.
[
Fall Weight Spring Weight | Winter Loss Per Cent
S\?!lx?]lgr of of i of Winter
Bees in Ounces Bees in Ounces Bees in Ounces Loss of Bees

1926-27

1 121 57% 52.4

2 131 80 51 38.9

3 116 69 47 40.5

4 101 54 47 46.5
1927-28

1 Y4 5815 31% | 35.1

2 73% 69 4% | 5.8

3 81%4 79 2% 2.7
1928-29 |

1 105 53 52 | 49.5

2 108 52 56 | 51.8

3 114 68 46 | 40.3

4 114 68 46 40.3

5 113 76 37 32.7

6 117 104%4 12% 10.9
1929-30 |

1 93 [ 52 41 i 44.0

2 85 38 47 | 55.3

3 118 ! 70 59.3

Fall weight record 1926 taken Oct. 26; Spring, May 7, 1927.

Fall weight record 1927 taken Oct. 19; Spring, May 22, 1928.
Fall weight record 1928 taken Oct. 22; Spring, May 21, 1929.
Fall weight record 1929 taken Oct. 16; Spring, April 28, 1930.

THE MEAN -DAILY:LOSS IN WEIGHT CORRELATED
WITH COLD VERSUS WARM PERIODS

In order to bring about a clear-cut differentiation between the
. metabolic rate of the winter cluster of bees and external tempera-
tures, the data for definite cold and warm periods were selected,
computed and analyzed. These periods varied in length from j
to 10 days, but for the most part are for 5 or 6 days. In all cases
the coldest and warmest periods obtaining during the months
studied are included and, in certain instances, also periods of in-
termediate temperatures.

It is, of course, apparent that during the warm periods flights
occurred which would, presumably, increase the metabolism above
that of a cluster at ideal temperatures. However, for the most
part, these flights were of short duration due to the fact that the
hives were shaded during the afternoon. Furthermore, the even-
ing, night and early morning temperatures during this time were
those considered most ideal for minimum activity.
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The daily loss in weight of each colony is reduced to a com-
mon factor by its computation in terms of ounces per ounce of
bees. By reference to Table I it will be seen that for each series
of experiments the difference in the amount of bees in each colony
is so minimized by selection of colonies of similar strength, or by
the addition of bees to the lighter ones, as to prevent distortion
of the significance of this data in the comparison of the various
colonies. Although this computation is based upon the late fall
weights, in all but three instances the progressive loss during the
winter is so similar that subsequent reduction in the number of
bees would not seriously distort the data. Further, the maximum
loss of bees, naturally, occurred after the time the records were
taken.

The data presented in the tables and graphs are placed in the
order of the coldest to the warmest mean outdoor temperatures for
the periods selected rather than in their chronological position.
The daily loss in weight of each colony of bees, together with the
temperature data, is presented in Table IT and in Figures 4 to 9
inclusive. The detailed discussion of the temperature relationships
will occur later in this paper.
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Figure 4. Temperature and loss in weight relations for Colony
No. 1, 1926-28.

Curve No. 1—Mean outside temperature.

Curve No. 2--Mean hive temperature.

Curve No. 3—Mean cluster temperature.

Curve No. 4—Mean maximum cluster temperature.

The outstanding fact shown by all tables, and even more ap-
parent in the graphs, is the definite increase of the daily loss in
weight in every colony during every year in a progression from
the cold to the warm periods. Some few slight variations in this
upward trend of the curves appear, but none of any great signifi-
cance occur. A comparison of the maximum variation in daily loss
in weight for the various types of protection is shown in Table ITI.
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Figure 5. Temperature and loss in weight relations for Colony
No. 2, 1926-28. Curves as in Figure 4.
TABLE 111,

COMPARISON OF THE MAXIMUM VARIATION IN DAILY LOSS OF WEIGHT
FOR VARIOUS TYPES OF PROTECTION

P Y =
Minimum Daily | Maximum Daily
Type of Ye ; Loss in 1 Loss in pEer ?ent
Protection o | Weight Per | Weight Per b

| Ounce of Bees | Ounce of Bees s
Packed .. . i.ciois 1926-27 0.011 | 0.047 330.6
o Nadie sias aremnike 1927-28 0.015 [ 0.059 285.8
B P SRR 1928-29 | 0.021 { 0.078 263.4
Unprotected ....... 1926-27 | 0.018 0.084 352.4
R, ) ey e s 1927- 0.013 0.049 263.2
PRl S i aated 1928-29 0.015 0.040 167.4
R 102829 | 0.019 | 0.040 112.6
O i o Mt S 1929-30 | 0.013 ; 0.053 291.9
Tar-Paper Normal.. 1926-27 1 0.022 | 0.053 133.9
i » 1928-29 | 0.014 0.060 329.1
g o 1929-30 | 0.010 ‘ 0.060 469.1
Tar-Paper ......... 1926-271 | 0.015 { 0.049 230.0
With Upward 1927-28 | 0.014 0.044 201.3
Ventilation 1928-29 | 0.021 J 0.039 86.4
1929-30 ! 0.021 0.062 198.1
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Figure 6. Temperatures and loss in weight relations for Colony
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The details of the packed colonies will first be considered.
An interesting and perhaps significant difference in the daily loss
in weight of the three packed colonies is apparent. The loss dur-
ing 1926-27 was markedly less than for either 1927-28 or 1928-29.
During the first year bottom packing was omitted, whereas it was
added during the next two years with the assumption that pos-
sibly insufficient protection for best results had been given during
1926-27. As a consequere, by reference to the mean hive tem-
peratures it will be seen that during 1926-27 a definite cluster was
formed. With the added bottom packing during 1927-28, the
mean hive temperature was not low enough to cause the forma-
tion of a definite cluster at any time, though it was low enough,
presumably, to bring about comparative inactivity during the cold
periods. The hive temperatures during 1928-29 were slightly be-
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Figure 7. Temperature and loss in weight rela-
tions for Colony No. 1, 1929-30. Curves as in
Figure 4.

low the clustering temperature, but it should be noted that one of
the five couples included in this mean temperature for ‘the first
time this year was at the inside entrance of the hive, whereas the
coldest couple was previously removed from the entrance by the
depth of one hive body. This fact, therefore, would make the
hive temperatures for 1928-29 comparable with those of 1927-28,
and it is unlikely that there was a definite cluster formed for any
great amount of time. As a matter of fact, the hive temperatures
during the latter two years were those at or near the temperature
levels previously considered productive of the minimum metab-
olic rate by the bees. The former period should have increased
it. However, the reverse relationship here occurs.
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~No_ ni “fcabnm)m _p Is N[s b[* p_Is bcabg[rcgog n_gj_I[nol_+
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nbc j_lcin+

=a[ch) gcnb nb_n[l jj_I jJe_~ Jifihc_m nb_m[g_ ch]l_[m_
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bep_n_gj_l[nol_  Mijj_» mfcabnfggil_  nb[h “~olcha nb_jl_] "
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[a_ ni /+-14 ioh]_m j_| ~[s+ Pbcm[giohn [Jlogof[ncha "[cfs ~ol*
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g_n[ifc] I[n_ cmal_[nfs ch]l_[m_~[mionmc” n_gj_I[nol_m ~_]fch_
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chp_mncalnilt [fn q_|_ g[le_s “cp_la_hnpgbclb g[s _rjffch nb_
A _|I_h]_chnb_I|_mofni\n[ch_~+ Jih_ gile_* qcnb[mglhs ~c'™*

L hn nsj_mi* jlin_]ncih il il mifiha [ j_lci® il gcnb mo]b
gc”_l[ha_mi’ n_gj_I[nol_ [m[l_ b_l_chl_Jir ~+ Pb_ gchcgog
n_gj_I[nol_ i\n[chcha ”"olcha nb_Jiolm_ i° nb_m_chp_mnca[ncihm
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n_gj_I[nol_ I_[Incihm i" nb_Jfomn_I[n nbcngilhcha j_Ici* ]nlb_m

nb_Jfomn_| oh™_| nb_gimn m_p_|_ionmc™_n_gj_I[nol_ Jih*cncihm
Molcha Jif* q_[nb_I [ oh”_l cnmgimn c*_[f ionmc”_n_gj_I[nol_
Jinrencihm ~olcha qflg g_[nb_l+ @olcha nb_Jif* qg_[nb_| nb_
Jfomn_I b[m domnjmm_» nblioab il cmmncffihn_h~cha qcnb nb_
m_p_lens® nb_ gchcgog n_gj_I[nol_m i\n[chcha [n nb_m_ncg_m+
Kh nb_inb_I b[h") nb_n_gj_I[nol_m ~olcha nb_qllg q_[nb_I [I_
c™ _[ffs domn_fig nb_Jfomn_Ichan_gj_I[nol_+ Chkiof* \_ cg*
jimmc\f_ni \icha Nion nb_"_mcl_Aligj[lcmih ¢ nb_n_gj_l[nol_
IJim q_l_ n[e_h "olcha nb_q[lg j_lci* gb_h nb_]fomn_lg[m

fim_fs ‘ilg_~ il \lie_h il [Incpcns+ Qh™_|I nb_ Jcllogmn[h]_m)
nb_lihnl[mn ch nb_n_gj_I[nol_ I_fl[ncihmbcjmi® nb_IJfomn_I[n cnm
nij n_gj_I[nol_ Iha_ i ilg[ncih [h" nb_gchcgog Iha_ i\*
n[ch[\f_ cmlioabn [ion+ Pbcm]ih*cncih mbiof* Acmijf(s nb_ g[r*
cgog [gjfcno®_ i° plic[ncih [h* chp_lmcihi® n_gj_I[nol_ I_f[*
ncihmbcjm+

HU["U Qbc’U FUZQbYN\aXY "/ 8]Z]\YUa KY\bU'UT DcbT]]'a’
Oig_ i" nb_nsjc][f n_gj_I[nol_ I_fl[ncihmbcjmi® nb_]Jifihc_m qch*

n_I_~ ion%ilm il tiol  s_[Im [I_ mbigh ch Bcaol_m1 ni 6) ch*
Jfomcp_+ Pb_ moljlcmcha”_[nol_ i° nb_m_Jolp_m cmnb_ "[In nb[n
nb_[gjfcno™_ i° pllc[ncih i© nb_Jfomn_In_gj_I[nol_ cmmi p_lIs

fiq gb_h cncmmi al_[n ch ionmc”_n_gj_I[nol_m) [m mbigh ch
PNM_ R+

Pb_ “caol_mjl_m_hn_” ch P\f_ R ~i hin Jihnl[mn nb_ n_g*

j_I[nol_m “il nb_j_Ici*m i° gchcgog [h" g[rcgog iontiil  n_g*
j_l[nol_+ Pb_s [I_ ‘il nb_grcgog [gjfcno®_ i" pllc[ncih ch
_[Ib Jifihs [n gb[n_p_l ncg_nb_bcab[h* fiq Jfomn_In_gj_I[nol_m
bj_h ni i\n[ch) = ligjllcmih i" nb_[gjfcno®_ 1" p[lc[ncih \_*
ng__h nb_j Ici*m i gchcgog [h* g[rcgog ionnNill - n_gj_I*
nol_mjl_m_hnm[ golb fig_l [gjfcno®_ i p[ic[ncih) [h* gchc*
gctm nb_cgjiinfh]_  i© nb_flla_l ~al_ _mi p[lc[ncih [m _r*

bc\en_~chPM_ R+ Clim jlI_pciomfs mojjim_" nb[n nb_g[rcgog
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.6/5*/6 10+.{B} J+5{B .2+4{B 3 5+/B 03+6{B
.6/5*/6 ..+4{B 1 6+K!B
.6/6%0- 0 5+2{B -+5{B ~+5(B  10+1{B
I_[h K+3{B 5+.{B 6+.{B 4+4{B  00+3{B
Jfomn_I n_gj_I[nol_ iJjoll_* gb_h nb_ionmc”®_n_gj_I[nol_ g[m
nb_fig_mn+ D_h]_ nb_[gjfcno®_ i° p[lc[ncih \_ng__h nb_jichnm

i© gchcgog [h™ glrcgog iontiil  n_gj_I[nol_ gb_h chp_Imcih
ijJlolm cm_rjl_mm_”" [m [ jimcncp_pl[lc[ncih [ gb_h |_p_Im_" [m
[ h_a[ncp_pl[lc[ncih+

Qjih  nbcriimcmb_g_[h [gjfcno™_ i° pl[lc[ncih il [ff jje_"
Jifihc_m cm*2+.{ B+8°il [ff ohj[le_” lJifihc_m) **-+0{ B+8 il
[ff nl*[_1 j[e_~ Jifihc_m qgcnbion ojq[l® p_hncf[ncih) .+4{ B+8

[p~ i [ N[ jlle_~ lifihc_m qgcnb ojq[I* p_hncf[ncih)
o+{@*

Chlim)nb_| i) ni \_ hin_" nb[n nb_j Ici"m i° g[rcgog
[gifcno®_ i© pllc[ncih [I_ p_Is ~cp_la_hn ch nb_cliJJoll_h]_ ch
|_f[ncihmbcj ni ionmc”_n_gj_I[nol_+ Pb_s Jfhhin \_ Jill_f[n_»
gcnbnb_j Ici"m i° gchcgog [h" g[rcgog  ionmc”™ n_gj_I[nol_m+
Eh “[In) nb_[gjfcno®_ il nb_mj Ici*m cmmi fig [mni \_ h_a*
fcac\f_ [h™ ~i_m hin mbig [h chp_Imcihi® nb_n_gj_I[nol_ f p_fm
gcnbchnb_ Jfomn_I [m Jigj[l_* ni nb_n_gj I[nol_ i nb_[cl mol*
lioh"*cha nb_Jfomn_lI+

Pb_ [h[fsmcmi® nb_[gjfcno”®_ i" p[lc[ncih i nb_]Jfomn_In_g*

j_I[nol_m 7i_m hin ch”c][n_nb[n nb_ g_nQifc] I[n_ g[n_Ic[ffs ch*
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J_[m_m[ ion%il n_gj_I[nol_m ~_Jfch_\ fig nb_]fomn_Ichan_g*
j_I[nol_+

Pb_ Jihn_hncih i° jl_pciom chp_mnca[nilmmb[n nb_ g_n[ifc]
IIn_ ~c” ch]l_[m_ g[n_Ic[ffs “olcha ~_]fchcha ion®il  n_gj_I[nol_m
b[m\__h \[m_» [fgimn _hncl_fsojih nb_chp_Imcihi® nb_n_gj_I[*
nol_ f p fmi® nb_mi*][ff_* b_[n*li*clcha jilncih i nb_]fo n_I|
ch_fincih ni nb_n_gj_I[nol_ i nb_[cl ollioh*cha nb_]Jfomn_I+
>s |_"_|_h]_ ni Bcaol_m1 ni 6) chljfomcp_Jh P[\f_ EE)cngcff \_

m__hnb[n nb_I_ cnp_Is fennfchnb_A[n[ b_l_ jl_m_hn_» ni mojjiln
mo]b [ Jihffomcih+ Eh _f p_h Jifihc_m nb_|_ cmhi ch”c][ncih i°
mo]b [h chp_Imcih)[h® chnb_inb_| “iol nb_chp_Imcih cmmi mfcabn
nb[n cncmhin i g[n_Ic[f mcahc’c][h]_+ Pb_ gimn cgjilnlhn  [In
jl_m_hn_» cmnb[n nb_ Jfomn_In_gj_I[nol_ |_g[chm mi h_[Ifs ]ih*
mn[hrh® nb_Jolp_m n_h™ [l gil_ nig[®"m [ mnl[cabnfch_chnb_cl
g_[h nblh nig[l"m [ ~_]fchcha fch_[m mbiof* \_ nb_]JIm_c" [h ch*
p_lmcih i* cgjiln[h]_  i]Joll_"+

Pbc [In \Jig_m gil_ _pc® hnc nb_g_[h Jfomn_In_gj_I[*
nol_m’il [ff Jifihc_m ~olcha [ff ‘iol s_[Im[l_ [p_l[a_") Jihnl[mncha
nbim_gbclb [I_ LJin~ qgb_h nb_g_[h ion%il  n_gj_I[nol_ q[m
EO{B+il \_fiq [h™ nbim_gb_h nb_g_[h ion%il n_gj_I[nol_ qg[m
/5{ B+il [Nip_+ Pb_ ~c”_|_hnc[fchnb_g_ [h ion%il n_gj_I[*
nol_ cm/1+6{ B+8chnb_g_[h Jfomn_In_gj_I[nol_ cncml1{ B+)[h"
chnb_g_[h g[rcgog Jfomn_In_gj I[nol_ cncm+4{ B+ =h chp_I*
mcihi® -1{ B+[h" -+4- B+crmhin mcahc'c][hfm [h ch™_r ni [h ch*
J_[m_~ g_nQpifc] I[n_) ‘on Inb_| ch”c][n_mfcnnf_il hi g_[h
Jo[ha_ chnb_I[n_+ Pb_ ihfs [jjl_Jc[\f_ g_[h chp_Imcih gbc]b
ijloim il [hsih_ s_[I cnR+4{B+’il .6/5*/6+

Pbcmmcno[ncihcm[fmi g[*_ mnlcechafdjj[l_hn \s nb_ Jig*
jon[ncih i° [ Jill_flncih  mbigcha nb_ |_f[ncihmbcj \ nq__h nb_
g_[h Jfomn_In_gj_l[nol_ [h" nb_g_[h ion%il n_gj_I[nol_+ Eh
mi Nicha [ff i© nb_mn_gj_I[nol_m “il [ff Jifihc_m ~olcha [ff ‘iol
s [Im b[p_ \__h ]floff[n_* [h" nb_1]i_“clc_hn i Jil_flncih cm
-+-20(-+-/3+ Pbcmjfchfs  big nb[n nb_|_ cn¥p_ldcnnf | f[ncih*
mbcj\_nq__h nb_g_[h ]Jfomn_In_gj I[nol_ [h* nb_g_[h bcp_n_g*
j_I[nol.) _p_hnbicab nb_f[nn_I b[mp I[ha_ p[lscha%’lig Z/{ B+
ni 1-{ BZ Pb_ g_[h ion%il n_gj_I[no_m il nb__ j Ici"m
Ilha_* ‘lig [ gchcgog i° *.+-{ B+ni 14+-{ B+ Eh ‘caolcha
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nbenji_"clc_hni® Jill_fncih  nb_ Jifihs*j_Ici® jijof[ncih  Eo .-2)
[N nb_Jifihs*N[s  jijof[ncih  cnB54+

= mnlcechafs[jjl_hn  ~c”_I_h]_ \_ng__h nb_g_[h Jfomn_|
n_gj_l[nol_m ch .6/3*/4 [h" ch .6/4*/5 h__~m_rjf[h[ncih+ Clom

golb fig_l il nb_‘clmms_[I+ Pqgi ~c”_|_hnli]_m i" \_mqg_l_
om_”~ch nb_ _rj_lcg_hn) qgbc]b ch™]_" [ pllc(f_+ H[n_I nb_m_
ngi I[[_m q_I_ mno~c_%h™ | _r[infs mcgcf[l Jih*cncihm) [h™ nbcm
pllcf_ g[m hin “ioh™ ni [Jliohn il [hs jimmc\f_~c™ _|_h]_mch
n_gj_l[nol_ I_[Jncihm+ Ji m[ncm™[nils _rjffh[ncih "Il nbcmb_*
hig_hih  g[m ~cm]ip_I_~ ohncfnb_fi]J[ncih " nb_]Jfomn_Ingcnb |_"*
_Ih]_ ni nb_jimcncih i* nb_ nb_lgi*Jiojf_ g[m jfinn_~ il nb_
ngi s_[Im+ Chb_h\ ]J[g_ Jf [l nb[n"olcha .6/3*/4 nb_Jfomn_Im
g_l_ fig_l qgcnb I_"_I_h]_ ni nb_Jiojt m nblh “olcha .6/4*/5+

Eh "[Jn) “olcha nb_“clmmchn_l) |_Jim q_I_ \_cha n[e_h ihfs ch
nb_ojj_| jilncihm " nb_Jfomn_Im{h?") nb_I i) 2 hin acp_|[
nlo_g_ [h i© _cnb_Inb_Jfomn_In_gj I[nol_ il nb_g[rcgog ]fom*
n_| n_gj_l[nol_m+ Pbcm)[jjll_hnfs)  _rjffchm nb_fig_| n_gj_I[*
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nol_ f_p_f”olcha .6/3*/4+ Oc]b ~c"_|_h]_mchnb_jimcncih i¥ nb_
Jfomn_Ichl_"_1_h]_ ni nb_Jiojf m qg[m hin [fg[sm [pic*\f_ "ol*
chanb_Jioim_ i" nb__rji_lcg_hnm+ Dig_p_l) molb~c™_| h]_ mAi
hin ~cmnilnnb_mcahc'c][h]_i* nb_A"[n[+

Bctol_ .- jl_m_hnmnb_ biolfs n_gj_I[nol_ I_fincihmbcjm “il
nb_ohjlin_]n_~ Jifihs il [ /1*biol j_Ici* ~olcha [ Jif* s ch
.60-+ Pbcm]olp_ cmjfinn_” ni mbiq nb_ ohfce_fcbii* i° p[lc[*
ncihmi]lolicha [n ]_In[ch mbiln chn_Ilp[fmgbc]b gcabn \_ gcmm_»
gb_h nb_LJim qg_l_ n[e_hihfs ih]_ ~cfs+ Pb_ Jolp_m i nb_
g_[h Jfomn_In_gj_I[nol_ [_ _r]_ ~chafs “f[n gcnbihfs ih_ p[lc[*
ncih i© hin_) gbc]b ch”c][n_mnb[n g[dil  “fo]no[ncihm ch nb_ Jfomn_]
n_gj_l[nol_ [n mbiln chn_Ip[fm[l_ hin [jn ni i]Jol+ I[hs inb_I
mcgcf[l LJim  b[p_ \_h _r[gch_* [h" inb_| Jolp_m Jihmnlo]n_»
gcnb megcf[l I_mofnrfh™ h__~ hin \_ ch]fo”_"+ Pbcmn_h"mni mbiq
nb_1_fc[\cfcns i© nb_n_gj_I[nol_ L Jim nl[e_h ih]_ “[cfs gbc]b
blp_ \_h om_7’il [h[fsmcmch nbcm_jiln+

HU[MU Qbc'U FUZQbYJ\aXY ¥\ 8]Z\YUa N\TU"  8]\b’]ZzzUT
HU["U Qbc’U8\TYbY]\a" Ehil* | ni mno®snb_n_gj_I[nol_ |_[]*
ncihmi® nb_qchn_| Jfomn_li" \__moh”_| jl_" n_Igch_» Jih"cncihm)
ngi Jifihc_m q_l_ jf[[_~ chlihnliff_ * n_gj_I[nol_ ][\ch_n) gbc]b
Jiof* \_ I_"o]_" ni [ gchcgog i° 3{ B+gb_h ohillojc.» \s [hs
b_[n*lirolcha  \i"s+  Pb_ n_gj_I[nol_ ch nb_]J\ch_n gm I_*
Aol M \s [ nb_lgi n[nc][ffs Jihnliff_~ Blcac[cl_ ohcn)[h» [h _p_h
f_p_fi" n_gj_I[nol_ i\n[ch_™ \s ijjimcha nbcnjihnlif gcnb [ \[he
i* nb_lgimn[nc][ffs ]ihnliff_ A fcabnm+BI_mb[cl g[m g[chn[ch_” ch
nb_J0\ch_n \s g_[m i [ mg[ff 'ill_* ~I[n nblioab cn+

Aflb Jifihs qg[m jf[_* ch[h _cabn*l[g_ i\m_Ip[ncih bcp )
ih_ becp_\i*s ch” jnb+ Pb_H_ ng_|_ Jih’ch_” ni nb_bcp_[mnb_
_hnllhl_ g A "™ >inb mc*._m nb_bcp_qg | mj__h_~[h"
nb_\filem |_gip_* minb[nmi [l [mn_gj_I[nol_ [h* [cl Jih"cncihm
g_l_ Jihl_Ih_®) nb_ Jfomn_l gm |_[ffs Jih’ch_~ ch nb_ ]J[\ch_n
IInb_I nblh ch[ bcp_\i"s) acpchajlin_]ncih ‘lig _rn_Ih[f n_g*
j_I[nol_ Jih*cncih+  Eh mig_ ]J[m_mnb_g_[h becp_ n_gj_l[nol_
g[m [Jno[ffs mfcabnfdig_| nb[h nb_g_[h ]\ch_n n_gj_I[nol_ "o_
ni nb_"[In nb[nnb_nij i nb_bcp_qg[m p_Is Ifim_ ni nb_Jiifcha
ohcnch nb_ J\ch_n+
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Pb_ | fl[ncp_ bogc~ens ch nb_]\ch_n g[m b_f* [m Jihmn[hn [m
jimmc\f_oh” | nb_]Jcllogmnh]_m \s g_[hm i [ flla_ jih i ]Jih*
1_hnl[n_»~ mifoncih i* J[?f+ Pbcmliof* ihfs \_ Aih_) i" Jiolm_)
[mfiha [ nb_g_[h bcp_n_gj_I[nol_ 1 g[lch. Nip_ nb_"l__tcha
jichn+ @olchanb_j Ici*m i* nb_loh gb_h nb_n_gj I[nol_m q_l_
[ip_ 0/ B+ nb_ g[rcgog plic[ncih  ch |_fl[ncp_ bogc*cns g[m
lig /1 j_1 ] _hnni1- j_I ] _hn+ Bil nb_al [n_| mb[l_i" nb_ncg_
nb_1_f[ncp_bogcrcns gim 0/ j_| ]_hngcnbihfs [ 2j_I ]_hn p[lc[*
ncih+ Pbcmg[ ~ n_Igch_”\s g _[hm i" [ |_Ji*cha bsalinb_Igi*
alljb+

O_lc_meqg[m loh ‘lig Jip_g\ | / ni Jip_g\_| EE).6/5+
O_lc_m g[m loh ‘lig @_] g\ | /4) .6/5) ni F[ho[ls 0-) .6/6+
Eh\inb J[m_m?[o][mc[h \ _mq_l_ om_»"+=fmi) \inb ]fomn_Imo_I_
mg[ff [h* nb_cll_[Jncihm ni n_gj_I[nol_ “[mn_I nb[h ch nb_ hilg][f
mct_AJifihc_m chnb_ion%il  _rj_lcg_hn+ Ehm_lc_ncnb_hog\ |
i" \_m\s [no[f Jiohn g[m *06,0% [h» chm_Ilc_m EE)4--+ Pb_
\_mqg_l_ hin jf[_* chnb_]\ch_n ohncfnb_sb[® _hdis_ " nqi
Alsm i° aii* ]f_[hmcha “fcabn[lncpcnc_ndomnlcil  ni nb_cl Jih*
‘ch_g_hn+

Pb_n_gj_I[nol_ LJi"m q_l_ n[e_h[h" [h[fst.» chnb_m[g_
glhh_I  [m jl_pciomfs ~ m]lc\_~ ‘il nb_Jifihc_m qgchn_I_"* oh” |
h[nol[f Jih"cncihm+ Eh m_lc_mWnb_ |_Jim q_l_ n[e_h biolfs+
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Pb_ LJim il nbcnioh g_|_ molbnb[n nb_s i\pc[n_* nb_h_] m*
mcns” molb “l_ko_hn |_[*cha mi nb[nchm_Ilc_m nb_sqg_|_ nf[e_h
_p_Is nbl__ biolm+

Bcaol_ <4t m_hnmnb__mm_hnaif gj_I[nol_  A[n[ il m_lc_nc=
Pb_ Jfomn_l n_gj_I[nol_ Jolp_ mbigm [ mnlcechgimcncp_]Jill_f[*
ncih gcnbnb_g_[h bep_n_gj_I[nol_ ]Jolp_) nbioab cnnicn]b cmhin
mi mn__j+ Pbcm]ihrcncih crmnb_p_Is ijji cn_i° n_gj_l[nol_ ch*
p_Imcih) jI_pciomfs ~cm]omm_~Pb_ Jiojf_m chnbcnm_Ilc_m_|_ hin
%q_ffl_hn_I_~ mi nb[n nb_ g_[hm [I_ oh%o\n_~fs fig) \on nbcm

In ~_m hin jl_Jfo®_ nb_[]lol[ls i Jigj[lcmihm+
Enqcff \_ hin_" nb[n\inb nb_g_[h ]Jfomn_I[h" nb_g_[h g[rc*
gog Jfomn_ln_gj I[nol_ il nb_Jif* mn j_lci* [I_ p_ls fig [m

ligj[l_» ni megcf{l g_[h bep_n_gj_l[nol_ Jih*cncihm ch nb_Jifi*
hc_mgchn_|_» ion%ilm+ Pb_s [I_ 3-{ B+ [h* 32+0{ B+)I_mj_]*
ncp_fs+ Pb_I_ [I_ ngi jimmc\f_ _rjffh[ncihm ‘il nbcm'[n7 “clmn)
nb_Jfomn_Ing_I_ golb mg]ff_I8 m_Jih*) Jif* [cl Joll_hnm ]cljof[n_»
I_fs ion nb_\__m]lihn[ch_* chnb_]\ch_n+

Pbl__ g[dil “fo]no[ncihm’lig nb_g [h n_gj I[nol_ f p fi
nb_]fomn_Ich nbenm_lc_mbiof* \_ hin_"+ Eh ]blihifiac][f j_lcin
1) ngi mo™_hlem_ntch nb_Jfomn_In_gj_I[nol_ " [ / ni O biol
Mol[ncih i]Joll_")  lohhcha nb_g[rcgog  ni 541{ B+[h* 51+0{B+)
I_mj_]ncp_fs) gb_h nb_g_[h g[rcgog Jfomn_I n_gj_I[nol_ il
nbcnp_lci®  g[m 4/+2{ B+ =a[ch chnb_3nbj_Ici* nb_ g[rcgog
Jfomn_In_gj_I[nol_ lim_ ni 561{B+ il ngi biolm gb_h nb_g_[h
glrcgog  Jfomn_In_gj_I[nol_ ‘il nb_j Ici* g[m 32+0{ B+ Knb_I*
gcm_nb_n_gj lnol_ f p fmg | ih [ p_Is _p_hfch_’il [hs acp_h
j_lcin+

Eng[m i\m_Ip_” nb[n "olcha nb_mj Ici*m qgb_h nb_n_gj I[*
nol_ i° nb_ Jfomn_| “fo]lno[n_* mo™_hfs ojq[I") \_mih nb_
j_lejp_Is i° nb_Jfomn_lq_|_ [Incp_+ Ehnb_3nbj_Ici*) qgb_h nb_
g_[h bep_n_gj_I[nol_ mnii* [n /4l { B+ mig_ \_ _mqiof* f [p_
nb_Jfomn_l)g[h* I Qion [cgf_mmfs[h® _rlen_~s) [ _q i nb_g
a_nnchami [I [q[s nb[nnb_sliof* hin I_nolh ni cn)[h™ ch[ "_q

gchon_mn\_s giof* \_ach ni mnc™_Kh™ °[ff ni nb_\innig i nb_
bcp_ch[ Jihrencih i° Jif*  Icail+
Kh Jip_g\ | linb [n li i%]file [+ g+ nb_Jiifcha ohcng[m

mn[in_~ih [ Jih n[hnloh [h" nb_b_[ncha_f

hn nolh ~ i+ >s
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2 i%]file) Jip_o\ | ninb) nb_|I_ [ji_[IL* ni \_ fcp_\_m\ ng__h
ihnfs nbl__ “l[g_+ Pb_ fcp_\__mq_l_ jogjcha nb_cl [\"ig_hm
pcailiomfs chnb_ [g_ g[hh_l [m\_mqgbclb f 'nnb_]Jfomn_I[h"
g_l_ mo\d_]n_”ni _rnl_g_ Jif f+ Knb_lgcm_nb_|_g[m hi [jj{l_hn
cahi® _rnl[ilch[ls [Incpens+ =ff n_gj_I[nol_m [n nbcrmcg_q_I_
\_fiq 2-+6{ B+)[h"* ihfs nqgi Jiojff_m mbig_" n_gj_I[nol_m Nip_
nb[ni® mnc”_hcha+tn c&0-i%]file j+ g+ nbcnm[g_ ~[s hi [Incpcns
Jiof* \_ i\m_Ip_") [ nb_Jiifcha [jjlilnom g[m mboni>*) nbioab
nb_]JN\ch_n |_g[ch_* ]fim_"+

Pb_ “iffigcha gilhcha nb_]J\ch_n g[m ij_h_~ [n 4 70- - %]file
[~ nb_bcp_I_gip_*+ Pb_ ]J\ch_n n_gj_I[nol_ mnii* [n 12{ B+
Hcp_ \_mqg_l_ ‘ioh™ \_ng__h ngi ‘ljg_m) [h" [mnb_bcp_q[lg_*
0j ni I--... n_gj_I[nol_ jlnc][ffs [ff i" nb_\_ml_pcp_* [h* b[*
ni \_ ecff_ *qcnbbs?ilslhc]  [Jc* a[mchil* I nb[n nb_sgcabn\_
Jiohn_"+

:@VGD(%(DBD>@:"|@" BB<G D="E<(;DH

6 # 7( a * 1* &0 4+
6] _
l i+
iD f#
n
j 0) = +
j<D
(#/06_) I’ J \)) J
Ch%
i) -+
ks )
\,) ++
J -
SD
)

@MIfZ "S* MZadZfWhifZ fZ"Wh~cbdgbYZf Xcbhfc™ZY ZI)
UGSOCMIGNQGSCUVSGEPOFKUKPOT$GSKGT 9P&)$  EVSWGTCT
VZ 8VTa'R (&

Pb_n_gj I[nol_ An[ "Il m_lc_m [_ jl_m_hn_»chBcaol_ ./+
Eha h_I[f) nb_Jolp_m [I_ p_Is mcgcf[l ni nbim_i" nb_jl_pciom
m_Ilc_m+Pb_ ihfs ~c™_|_h]_ hin_* cmmb[n nb_]fomn_In_gj I[nol_m
[IL fig_I ‘il nb_Ji* j_lci“m [h" bcab_| 'il nb_q[lg j_lci*m+
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Pbcm]fomn_I g[m golb mg[ff_I) gbc]b jli\[\fs [liohnm ‘il nb_
‘clmm™e™_I_h]_+ Pb_ Jfomn_lgm \_nn_I ]_hn_| » qcnb |_"_|_h]_
ni nb_Jiojf_m) gbclb jli\[\fs Oliohnm ‘il nb_m_Jih®» ~c™_I_h]_+
Pbl__ j_lci*m i° ojg[® Iem_lig nb_g_[h Jfomn_In_gj_I[*
nol_ [I_ [fmi hin_" ch nbcmm_lc_mgbc]b [I_ a_h_I[ffs mcgcf[l ni
nbim_jl_pciomfs ~_ml]lc\_"+
Pb_ _r[In ]blihifiac][f bcmnilsi© nb_g_[h Jfomn_In_gj_I[*

nol_ i° nbcmlifihs ch I_flncih ni nb_g_[h becp_n_gj_I[nol_ cm
acp_hch Bcaol_ .0+ Eha_h_I[f) nbcnjolp_ [fmi mbigm [ jimcnecp_
Jil_flncih  i© nb_g_[h Jfomn_ln_gj I[nol_ qcnb nb_g_[h bcp_
n_gj_l[nol_+

=n hiih ih F[ho[ls 4nbnb_Jiifcha ohcng[m m_nil Jihmn[hn
ij_I[ncih [ nb_b [ncha _f g _hnnolh_* i+ CHRK[m ~_mcl_"ni
N n_lgch_ nb_ _rn f_hanbi® ncg_ nbcmmg[ff Jfomn_I Jiof* gcnb*
mn[h”nb_gchcgog n_gj_I[nol_ i° nb_]0\ch_n oh™ | molb[ Jih*
Aencihi™ _rjimol_+ Bil .6 A[sm nb_g_[h bcp_n_gj_I[nol_ mnii*
[n[ gchcgog i° .2{ B+[h" [ glrcgog i //{ B+)nb_omol[fn_g*
j_Inol_ \_cha Nion .5{ B+ nnb__h"i nbcrmcg_ nb_Jifihs
glm mncfffcp_ [h" nb_ _rj_lcg_hn q[m ]fim_~+ Clqgcff \_ hin_*)
big_p_l) nb[n nb_ g [h Jfomn_l n_gj_I[nol_ ih F[ho[ls /4nb
Nijj_n ni nb_ mnc”_hchan_gj I[nol_) [ion 12{ B+) [h* nb_h
al[*o[ffs lim_ [Nip_ cnni 24{ B+ih F[ho[ls /6nb+ Clambioabn
nb[n jimmc\fs [ j_Ici* i _rlen_g_hn [h" [Incpcnsdomiicil  ni Jif?
Icail [Jliohnm “il nbcmcm_ch n_gj_I[nol_) [h" nb[n nb__h" ¥
nb_lJifihs g[m hin [I i"+ Oolb [h [IJncpcns dHEMieil ni Jif*
Icail b[m\__h i\m_lp_" chinb_| chm_Jnm+ )

Chbniih]for ~  ‘lig  nb_~[n[ b_I_ jl_m_hn_» nb[n gcnbch]_I*
n[ch n_gj_I[nol_ fcgenm_fig nb[n [n gbclb nb_Jfomn_I “ilgm) nb_
g_[h Jfomn_l n_gj_I[nol_ cmg[chn[ch_* ih [ “[cifs _p hfp f+
Pbcmenmohio\n_Afs  jimmce\f_”o_ ni nb_]blha_ chnb_I[n_ i" I["c[*
ncih _"_Jn_~\s nb_]JihnI[Jncih i" nb_Jfomn_I[ n_gj_I[nol_m ~ *
Jfch ) [mqcff \_ _rjflch_~ ch”_n[cffln_I+ Dig_p_l) nb_I_[_ 1
n[ch fcgen ni mo]b Jfomn_l Jihnl[Jncih) [0 gb_h nb_ n_gj_I[nol_
i" nb_[cl ollioh"cha nb_]fomn_Imo\mc®_mi }nb_jichn nb[n I[*c[*
ncih) nia_nb_| gcnb fimmi® b_[n \s Jihp_]ncih Joll_hnm [h" ]ih*
~olncih) |_gip_m nb_hilg[f g_n[ifc] b_[n ‘lig nb_Jfomn_I [mn_I
nblh cn]lh \_ jliro] A nb_Jfomn_In_gj_I[nol_ * Jfch_m+ Pbc cm
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Bcaol 2) 2fomn_| Jihnl[Jncih ch | fncih ni q_[nb_l) ?ifihs  Ji)
) .6/4%/5) ~c™_|_hnc[n_~ [n 32%B! Inb_| nb[h 24{ B+ Ogff_|
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ohnio\n_~Ms nlo_ [n nb_j Icjb_Is i nb_Jfomn_I[mqg_ff [mchnb_
mi*][ff_~ b_[n*li*o]cha jilncih " nb_Jfomn_Ib_|_ _rl_mm_~ch
n_lgmi g_[h Jfomn_In_gj_I[nol_+ Scnb mglff Jfomn_Imj_h
ni [ I_[*s “fig i" Jihp_]ncih Joll_hnmi [cl) mo]b[ i\n[ch_" ch
nbcmrj_lcg_hn) nbcnjihcncih cm_[lb_~ [n [ Jigj[lincp_fs  bcab
g_[h bcp_n_gj_l[nol_ [h" cmhin [h[fiaiom ni hilg[f Jih”cncihm
ionNiilm - genb Jfomn_Inm  hilg[f mct_Jmom_~chnb__rj_lcg_hnm
jl_pciomfs ~_m]lc\_"+

Eh nb_m n_gj_I[nol_ _rj_lecg_hnm Jih"oln_"* qcnb Jifihc_m
iflI_~  oh”_l Jihnliff_~  n_gj_I[nol_ Jih"cncihm)nb_I_[I_ hi ~[n[
gbc]lb n_h”ni mbig [h ch]l_[m_i" g_n[ifc] I[n_ [m_rn_Ilh[f n_g*
j_l[nol_ 7 Jfch_m_fig nb_Jfomn_Ichan_gj_I[nol_+
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?HQOPANATL=JOEKJ =J@ ?KJPN=?PEKJ EJ NAH=*
PEKJ PK ATPANJ=H PAILAN=PQNAO

Pb_ “[In nb[n ['n_I nb_qchn_l Jfomn_Ii" \_mb[m Jilg_* c¢n
JihnlJnm  [mionmc® _n_gj_I[nol_m ~ ]fch_ [h" [a[ch _rj[h*m [mnb_
g_[nb_l glgm o] cmy_ff ehigh+ Dig_p_l) nb_al_[n mcahc'c][h]_
i* nbcnjb_hig_hih lil_hnfs  b[m hin \_h ~ n_lgch_#) [h" cnm
cgjiinfh]_  ni nb_ _Jihigs chnb_jl_m_Ip[ncih i" hilg[f g_n[\*
ifc] b_[n Molcha _rnl_g fs Jif* qg_[nb_| b[m hin \__h _mn[\fcmb_"+
>s nb_om_i" nb_n_lg thilg[f g_npifc] b_[n! b 1) EL"_| ni
nb_[giohn " b_[n_h_las | f [m_"\s hilg[f \__mqgbc]lb [I_ Jig*
illincp_fs ch[]ncp_ch [ fiim_fs ‘ilg_~ Jfomn_l)domrn il domn_*
fiq nb_n_gj_I[nol_ i cnmilg[ncih) gcnbion nb_jl_pciomfs moj*
jim_~ ch™o]_" [Incpcns\lioabn [\ion \s ~ ]fchcha _rn_lh[f n_g*
j_I[nol_+

Pb_ fimmi® hilg[f g_nNifc] b_[n ‘lig [ Jfomn_lg[s \_
\lioabn [ion ch nbl__ q[sm) h[g_fs) ]Jih*o]ncih) Jihp_]Jncih [h"
I[*c[ncih+ ?ih~o]lncih  cmhin [h cgjilnfhn  “[nil [mnb_\__m]J_
Jfomn_I_ "~ ojih \_mq[r) [ g[n_Ic[f i hin\fs fig Jih®o]ncpcns+
Pb_ I[n_ i" nb_fimmi® b_[n\s nbcng_[hm oh”_| ~cp_la_hnn_g*
j_I[nol_ Jih*cncihm cmh_afcac\f + Hce_qcm_nb_I[n_ i" fimm\s
Jihp_Jncih  oh™ I ~c™_ | hnllha_m i° n_gj_I[nol_ cm h_afcac\f_
gb_h g_ Jihmc®_| nb[nnb_g_nbi* i nb_[_I[ncih i nb_bcp_c
_Mnfs nb_m[g_ [n [ff ncg_m]h* nb_Jifilhc_m [I_ q_ff jlin_]n_»
Ylig  gch®) [mg[m nb_][m_ chnb_m_rj_lcg_hnm+ Kh nb_inb_I
b[h") nb_fimmi® b_[n \s I[*c[ncih cmnb_cgjiln[hn  p[lc\f_+ “[J*
nil oh”_ 1 ~c”_I hn _m_Ih[f n_gj_I[nol_ Jih"cncihm [h" cmnb_
“[nil - ni \_ Jihmec™_I_~ chlihh_]ncih gcnb Jfomn_lJihni[Jncih  [h”
_rj[hmcih+

Pb_I[n_ i" I[*c[ncih ‘lig [ \i*s [m _rjl_mm_"\s >isf %m
Hlg cm7K5 aQ#H(&H+$% gb_I_ K cmb_I[n_) a%b_Jihmn[hn
il nb_jlinclof[l  I[*c[ncha \i*s \ cha ~ [fn gcnb) Q%b_[I_[ i
nb_ I[*c[ncha \i*s) H.. \mifon_ n_gj_I[nol_ jfom nb_ n_gj_I[*
nol_i" nb_mol'[l_ i" nb_I["c[ncha \i*s) [h* H, [\mifon_ n_g*
j_I[nol_ jfom nb_n_gj_I[nol_ nig[l"m gbc]b I[*c[ncih cmnl[echa
Ifl_+
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Eh nb_[jjfc][ncih  i" nbcm ko[ncih ni nb_ gchn_| Jfomn_I i’
\__mch [ acp_hbcp_)nb_|_[I_ ihfs ngi pllcM_m jl_m_hn+ Pb_
[L[ © nb_Jfomn_lcmh_ [p" nb_n_gj_I[nol_ niq[® gbclb I[*c[*
ncih cmnlecha jfl_ cmnb_inb_I+ Pb_ p[fo_ i" Jihmn[hn) m)’il
\__ cmohehigh) ‘on mch]_nb_m[g_ \__mch nb_m[g_ bcp_[_
oh™_ | Jihme™_I[ncih [n [ff ncg_mcncmhin [ p[lcf\f_  [h?) il jol*
jim_m i Jigj[lcmih IInb_I  nblh "il nb__mn\fcmbg_hn"~ nb_
_rn I[n)) cng[s \_igcnn_” ‘lig nb__ko[ncih+ 1. |_g[chm Jih*
mn[hnc® g_ Jihme™_ | nb[n nb_j_Icjb_Is i nb_ Jfomn_| cmg[ch*
nich A [nil h [l 24{ B+ Enhb_ | il ) \Jigm 13-24 il 2.4
I[cm_~ ni nb_ 1nb jig_I+

Bil joljim_m i Jigjllcha nb_I[nci i© nb_In_ i" I[*c[ncih
ir [ acp_hJfomn_li" \_moh* | ~c”_|I_hn _rn_Ih[f n_gj_I[nol_
Jihrencihm _In[ch pllcM_  _llilm [I_ [jl_hn  gbclb cnb[m\__h
cgjimmc\f_) nbom’[l) ni g_[mol_+ Ehnb_"cimnfl.) nb_[_[
nb_Jfomn_I][hhin \_ ”~ n_lgch_” ni [hs al_[n ~ al__ i [Jlol[Js+
Encnimmog_”nb[n nb_mbl[j_ i* nb_Jfomn_lcrmgil_ il f_mmmijb_Ic][f
mi nb[ncennfl_[ g[s \_ _rl_mm_» [m ->>F+ Diq_p_l) nb_ mol*
‘I_ © nb_Jfomn_lg[s \_ mig_gb[n cll_aof[l [h" cnmmb[_ [n
ncg_mmig_gb[n _ffcjmic® ch a_h_I[f+ Bil joliim_m i Jigj[lc*
mih cncm[mmog_” nb[n cncm[ mjb_|I_ [p™ nb_[[ Jigjon_.* [m
->>F+' Ap_h nb_hnb__r[Jn p[fo_ i© F cm*cclofnni ~_n_lgch_
[ gomn[i\cnlflcfs  \_ _mn[\fcmb_As nb_jfinncha i nb_Jiojf_m
nb[n mbiq [ n_gj_I[nol_ i 24{ B+il al_[n_I+

Pb_ _rfln p[fo_ i© H. cm[fmi ~cclofnni [m]_In[ch+ Encm
b_I_ ~ n_lgch_" \s n[echanb_g_ [h i° nb_Jiojf_ m gcnbchnb_bcp_
gbclb acp_nb_“cp_Jif* mn _Jirm+ Pb_m_Jiojfft m [_ [n nb__"a_
i" nb_chmec®i® nb_bcp_\i"rs [h" mbiof* _ n[\fcmb nbcm[Jnil
“[clfs  [Jol[n_fs+

Pb_ [mmogjncih nb[nnb_j_Icjb_Is i nb_Jfomn_I1_g[chm [n
24{ B+[f - ch™o]l_m[ jimmc\f__llili  [mnb_I_cml_[mih ni \ fc_ p_
nb[n [n ncg_m[ mfcabnm j[lnol_ ‘lig nbcmn_gj_I[nol_ i]Jolm)
[fnbioab nbcnohtio\n_~s  cmhin i° [hs al_[n cgjiinfh]_ il nb_
n_gj_l[nol_ fcgennb_I_ Jihmer |_~+

Eh nb_ [jjfc][ncih  i" nbecm ko[ncih ni nb_I[n_ i° I[*c[ncih

lig  nb_qchn_l Jfomn_lc[ \__m)cngcff \_ m__hnb[n [m _rn_Ih[f
n_gj_I[nol_m 7 Jfch_ Q\ Jig_m Ifjc* s f mngbcf_ #1 * 1. * ch*



+ KgIlY\W  6W'YScZbc'QZ AU Y[U\m GbQbY]\ 7cA >0.

JI_m_m+ Clnb_"Jl_[m_ i Pcm_rnfs Jigi_hm[n_* \s nb_ch*
I [m_ i #0-&l.s»%» K%l nb_In_ i I[*c[ncih) qiof* \_ nb_
m[g_ oh™ | nb_9%qi ~c”_|I_hn _rn_Ih[f n_gj_I[nol_ Jih"cncihm+
Pbcmgiof* g_[h nb[n nb_]JihnI[Jncih " nb_Jfomn_Il~olcha [ ~_*
Jfch_ ch _rn_Ih[f n_gj_I[nol_m cm[h [*domng_hnni Jihm_I nb_
hilglfft  g_n[ifc] b_[n\s nb_g[chn_h[h]_ i° [ Jihmn[hn I[n_ i
I[*c[ncih |_a[I"f_mm i© nb_ Al ch n_gj_I[nol_ niq[l® gbclb
I[*c[ncih  cmnlecha jf_+ Pb_l_ cm[fmi [h [*cncih[f °[]nil ch
nb_Jih _lIp[ncih i" b_[n jl_m_hn\lioabn [\ion “olcha j_Ici*
Jihnl[]ncih+ =m nb_\_mncabn_hnb_ Jfomn_I) nb_ ]fim_| chn_I*
gchafcha i© nb_ \[hlb_Jf blcim i nb_\i*s J_[n_m [ al_[n_I
chmof[ncih p[fo_ ‘il nb_ _hncl_Jfomn_I\s g_[hm i° nb_ mg]ff_I
A [Mel mj[l_m jliro]_~+ Pb_ r[In p[fo_ i© nbcm[nil m__gm
\_sih”™ Jigjon[ncih) \on cnmbiof* b_|_\_ jichn_" ion nb[nc’ nb_
AQm_ i P cmhin _hncl_fs Jigi_hm[n_~ \s nb_ ch]l_[m_ i
#1.-Ol($ [ K cmmig_gb[n al_[n_| “~olcha Jif* j_Ici*m) s_n
nb_chn_Ilh[f [I_[m i nb_]Jfomn_Ig[s mncff g[ch [n [ [clfs Jih*
mn[hnn_gj_I[nol_ gcnbion nb_[mmogjncih i* ch]l_[m_» g_n]\ifc]
[Incpcns+

Eh pc_qi° nb_ _lliim gbc]b i\pciomfs ]I__j chni nb_Jig*
jon[ncih i nb_ngi p[lscha °[Jnilm ch nb_ _ko[ncih) mbiof* K
ch ngi chmnh]_m" al [n _rn_Ih[f n_gj_I[nol_ I[ha_ \_ qgcnbch
/- I 1.hnni /2 j_I 1_hni ih_ [hinb_I) cngiof* m_gm[_ni
[mmog_ nb[n Jfomn_l Jihnl[Jncih  \icham [\ion [ ‘[clfs Jihmn[hn
IIn_ i I[*c[ncih qcnbch[ ]_In[ch I[ha_ i" n_gj_I[nol_ \ fig nb_
Jfomn_I n_gj_I[nol_+

EhJigioncha K °lig nb_A[n[ ‘il nb_s_[Im .6/3) .6/4 [h"
.6/5) nb_I[nci i" I[*c[ncih g[m mi h_[Ifs [fce_ il [ acp_h]fomn_I
nb[n[ gil_ ~_n[cf_” mno*sm__g_~domnc'c[\f_+=m [ Jihm_ko_h])
nb_hog\ | i Jiojff_ m ch[h ohjfJe_* lifihs) Jog\ | 0) "“olcha
nb_qchn_| i" *2F2&,) q[m ch]l_[m_” ni 00) [m mbigh ch Bcaol_ .3+
Pbc T[Jcfen[n_® nb_ gil_  [Jlolln_ " _n_lgch[ncih " \inb nb_
[*com i nb_Jfomn_I[h* nb_n_gj_I[nol_ nig[*m qgbc]b I[*c[ncih
g[m nlecha jf[]_+

= mogg[ls i° nb_I[nci i nb_I[n_ i" I[*c[ncih i nb_]fomn_l|
chnbcnjifihs  “olcha Jif* [mijjim_~ ni qllg j_lci*m cmjl_m_hn_»
ch P[\f_ 3+ =ff jimmc\f_ mcno[ncihmb_|_ [h [jjl_]c[\f_ Nal
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Bcaol_ .3+ ?fomf_| Jihnl[Jfcih ch I_fffcih .- qg_[nb_I+ ?ifihs  Ji+0+ Dilctinhf[f jflh_
XKUJ TNCMM EKSEMGTSGQSGTGOUKOQPTKUKPOPH UJGSNP%EPVQMGDGUXGGO UJG HSCNGT& 600GS
Jfomn_I gb_h ionmc”_ n_gj_I[nol_ gq[m **/2+5 B+) F[h+ .4) .60w+ Kon_| Jfomn_| gb_h
ionmc”_ n_gj_I[nol_  g[m 06+/{ B+) B_\+ .6) .60w+

i" Jihnl[mn Jiof* \_ \lioabn [ion “olcha ‘iol gchn_| gihnbm
blp_ \__h Jigion."+ Pb_~c”_| hl_ chncg_\_ng__h _[b Jif*
[~ qllg j_lcir  Jigion_~ g[m |_"o]_* ni nb_al_[n_mnjimmc\f_
gchcgog nb[n gio* mncflicha [\ion [h [jjl_]Jc[\f_ Jihnl[mn+
Pb_ I[*com i’ nb_Jfomn_Ig[m “caol_”" ch nb_bilctihn[f jf[h_ ihfs)
[m mbigh ch Bcaol_ .3 ‘il F[ho[ls .4) .60-) [h" B_\lo[ls .6)
.60-+
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Och]_nb_I[nci " I[*c[ncih oh”_| nb_*c_I_hn n_gj_I[nol_
mcno[ncihmjnb_| nb[h nb__r{In I[n_) g[m ~ mcl_ MK cmb_I_ _r*
jl_ _" chO0 “caol_mjffom+ Pb_ al_[n_mn~c™_I_h]_ chnb_I[nci i
[hs nqgi j_lci*m ligjon_" cml/+33j_| ] _hn[h* nb_f [mnO+-4j_|
1_hn+ Dig_p_l) mch]_nb_I[n_ ch 0 chmn[h]_ng[m al_[n_| il nb_
gllg j_lci"m) [~ ch4 al_[n_| "Il nb_Jif* j_Ilci*m) nb_g_[h ~c™*
“_Ihl_ mbigm .5+.25 j_| ]_hn al_[n_| I[*c[ncih “olcha nb_ ]if*
mcno[ncihmPb_ jl\(f_ Il - [ nbeng_[h cm|0*1/2 j_ | ]_hn+

C[nb_g_[h becp_n_gj_l[nol_m "olcha nb_ cwH Jif* [ -
gllg j_lci"m [I_ “caol_” gcnb nb_ [mmogjncih nb[n nb_ Jfomn_lI
giof* hin Jihnl[Jn  “~olcha Jif* qg_[nb_l) nb_I[nci " nb_In_ i’

.).00(
I[*c[ncih qiof*  \_Jig_ 106() il [h ch]l_[m_ chlI[*c[ncih "ol*
chanb_Jif* j_lci*m i .25+-5j_| ]_hn+ Pbcmgiof* \_ 5+4-ncg_m

nb_ j_Il_hnla_ 1 ch]l_[m_ mbigh ch P[\f_ RE) gbc]b) gcnb [
JINNF_ _lit i ihfs ]01/2  j_I 1_hn)jichnmion nb_al_[n cg*
jiinfhl_ " nb_lihm_Ip[ncih 1" hilg[f g_nN\ifc] b_[n\s nb_~ *
1_[m_ i I*c[ncih \s g_[hm i" Jfomn_IJihnI[Jncih+

Pb_m_jl_fcgchlls  A[n[ ih nbcmijli\f_g [ j_m_hn_* [m
mojjiincha _pc®_h]_ ni nb_n_gj_I[nol_ mno*c_nih® ‘olnb_| ch*
n_hmcpmno”~c_pcff \_ g[*_ ih cn+

Pb_m_"caol_mmoaa_mnb[n [ h[nolf flq g[s \_ chpifp_”
gbclb g[s \_ mn[n_"[m ’iffigm7 =m _rn_Ih[f n_gj_I[nol_m

A dfch_ \_fiq nb_ Jfomn_lcha n_gj_I[nol_ nb_ Jfomn_I i" \_m
lihnl[lnm) nb_I_\s |_*olcha nb_ ol'[[_ [I_[ ‘lig gbclb fimmi
b_[n nle_mjf[lL) \lchacha [\ion [ ‘[clfs lihmn[hn I[n_ i" I[*c[*

ncih) Nigh  ni nb_jichn i© gchcgog Ifomn_l Jihnl[Jncih+

Jlnol[ffs) nb_l_ cm fcgenni gbclb nb_Jihni[incih  J[h  jli*
al_mm+Sb_h nbcnicgecnem_[lb_* nb_In_ i" nb_fimmi® b_[n\s
I[*c[ncih  qcff g[n_Ic[ffs ch]l_[m_+ Oo]b [ mcno[ncihgim _pc™_hn
ch\inb m_lc_m\ _rj_Ilcg_hnm Jih*oln_~ oh”_I Jihnliff_~  n_gj_I[*
nol_ Jihcncihm+ Chim _pc™ h]_*\s [h _rnl_g_ Eig_lcht i" nb_
g_[h Jfomn_I n_gj_l[nol_+ Cla[m hin \__h [jjil_hn  ch [hs ¥’
nb_ Jifihc_m gcnb higch[f*mct_~  Jfomn_lmmno”~c_”oh”_| ionil
lih*encihm+

Oig_ i nb_~c _I_h]l_m ch nb_ p[lciom ]fomn_Imoh~_| [if*
[ qgllg  _rn_Ih[f n_gj_l[nol_ lih“cncihm [I_ mbigh ch Bcaol_m
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1) .2 [h™ F3+ Pbl__ gchil jichnmi® mig_ mcahc'c][h]_[l_ hin_*
gilnbs+  Bclmn)p_Is fennf Jihnl[jncih  [h"  _rjlhmcih  cm_pc™_hn
chnb_jJe_” Jifihc_m+ O_Jih®) [ ~_“chcen Jfomn_Ih _p | Cilg_"
ch jlle.r 2ifihs  Jog\ | c ™olcha .6/4*/5) qgb_I_[m [ Jih*
nifin_" ]fo n_fog[m _pc™_hnch nb_ Jigj[hcih ?ifihs  Jog\_| c
Molcha ngi Jif* j_Ici“m i° .6/3*/4+ Ehil*_1l ni ® jcln [hs ~c*
"1 hl_ chnb_mcti® nb_mj[_ iJJojc.® \s nb_\_mchnb_jJe_*
Jifihs  "olcha .6/4*/5) cng[m h_]_mm[lsni ~c_|_hnc[n_[n [ n_g*
j_llnol_ i 32{ B+I[nb_I nblh 24{ B+ @olcha nb__hncl_qgchn_l
j_lcir [ff i© nb_Jiojf_m qcnbchnb_ojj_| bcp_\i*s i" nbcnjifihs
mnii* [n 24{ B+il [ip_) s_ncno _” gil_ mnil_mnblh [hs inb_l
Jifihs [ mbig_" [ 02+. j_I ]_hn fimmi \_mch nb_ mijlcha [m
ligj[l_" gcnb 2+5j_I ]_hn ‘il nb_ohjje_~ Jifihs [ /+4 |
1_hn "il - nb_ n[*j[j_I jle_~ Jifihs  gcnb ojq[I® p_hncf[ncih+
Pb_ “[cfol_ i" nbcnjif hs ni tilg [ ~_‘chcn_gchn_| Jfomn_lcm r*
jflch_~ \s nb_"[Jn nb[n cng[m jlipc® » qcnb5 ch]b_mi* \innig
jllecha) gb_l_[m nbcng[m igcnn_» “lig nb_j[le_~ ]ifihs “olcha
.6/3*/4) [mjl_pciomfs _rjf[ch_~+ Pbcl®) [ff Jfomn_Img_l_ fig_l
Molcha .6/3*/4 qcnb |_"_|_h]_ ni nb_jimencih i¥ nb_Jiojff_ m nbfh
Molcha F6/4*/5+ Pbcm[]liohnm ‘il nb_~c™_| h]_ chnb_Jfo n_I
n_gj_l[nol_m i° nb_ngi s_[Im) gbc]b b[m jl_pciomfs \ _h ~cm*
Jomm_"+

Pb_ An[ ih nb_I[n_ i" I[*c[ncih ‘lig nb_qchn_I Jfomn_Ii
\__m[m[ " _In_" \s nb_JihnlJncih [h" _rjlhmcih " nb_Jfomn_l|
[fmi f_h™ g_cabn ni nb_jlijimencih  nb[n [m _rn_lh[f n_gj_I[nol_m
A Jfch_ \_fig nb_Jfomn_Ilchan_gj_I[nol_ nb_I_ cmhi g[n_Ic[f ch*
J_[m_ ch nb_g_npifc] I[n_+ LI_pciomfs cnb[m\__h hin_" nb[n
nb_g_[h Jfo n_foa_gj I[nol_ | _glchm ih [ ‘[clfs Jihmn[hn f_p_f
oh™ | p_Is qc™_ n_gj_l[nol_ Jih"cncihm _rn_lh[ffs+ C[nb_[_[
i* nb_mol'[_ [_g[ch_” Jihmn[hn cngiof* \_ _pc™_hnnb[n nb_g[ch*
n_h[h]_ i" mo]b[ f_p_f~olcha Jif* j_Ici*m Jiof* hin i\n[ch gcnb*
ion [h ch]l_[ _ chg_nifc] I[n_ ~o_ ni ch]l_[m_* Jihmogjncih i
bih_s [h" _rnI[*hilg[f [Incpcns+ Dig_p_l) nb_ Jihnljncih i
nb_ Jfomn_| i\pc[n_m mo]b [ h_]_mmcngcnbch ]_In[ch fcgenm)h”
gb_h nb_mfcgennil_ jim _~ nb_g_[h ]Jfomn_In_gj I[nol_ ~ Jfch_m
gcnbion [hs [jjl_hn  ch]l_[m_ ch g_n]ifc] I[n_+
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CAJAN=H @EO?QOOEKJ

ZYWXHEUY]Ta'  Limmce\f_ Jii_hm[ncih i© g_n[ifc] q[n_l
gcnbchnb_becp_ “olcha Jif* j_lci®"m [m [ p[lcf\f_  °[nil chnb_
[h[fsmcmi® nb_"cfs fimmch g_cabn~[n[ b[m\__h n[e_h chni Jih*
mc”_I[ncih+ Chomn[fmi \_ |_Jiahct » nb[n “fcabn[Jncpcnc_rolcha
nb_q[lg j_lci*m ch]l_[m_nb_g_nifc] I[n_+ Fommgb[n nb__r*
n_hni> nbenth]l_[m_ [giohnm ni ¢ ~c clofnni » n_Igch_+ Clan
_pc™_hn)big_p_1) nb[n nb_ Ncabr]ncpcnsi® \__m)_p_h nbioab nb_
bep_n_gj_l[nol_m [I_ \_fig 24{ B+)al_[nfs ch]l_[m_mnb_clg_n[\*

ifcmg+ Pbcmgio™ m_gni \_ i" gil_ cgjinfh. chnb_ _r*
j_h”cnol_ i nb_ jbsmcifiac][f |_m_Ip_i" \__m7"olcha nb_ gchn_I|
nblh nb__""_Ini" nb_Jif* j_lc “mmno~c_"+Eh nb_jilinc][f  [*
jfc][ncih i© nb_A[n[ b_I_chjl_m_hn_")nb_jl_p_hncih i" _r]_mmcp_

[p* ohh_]_mm[ls “fcabnms chmof[ncihil inb_Igc _ gomn hin \_
ip_Ifiie_"+

Pb_ “fcabn[Jncpcnc_mi nb_Jifihc_m chnbcmrj_lcg_hn “olcha
nb_fimnnbl__ s [Im g_I_ LJimn "+ Eha_h_I[f) nb_s mbig) “clmn)
nb[n\_mch[ff nsj_mi jlin_Jncih b[* “fcabnnjn [\ion nb_m[g_
ncg_)nbioab nb_I_[Incih _[Jb s chnb_mchaf j[lecha ][m_mg[m
mfig_| [ E_m a_h_I[f [h") m_Jih") a_h_l[ffs aii* ]f [hmcha
“fcabnnif]oll_~  ip_| j_lci*m qgcnb[ g_[h n_gj_l[nol_ i 02{ B+
il Nip_+ qgcnb Ncabnmi [ f_ mm_%_al__ “igh ni lion 0- B+

KY\bU™ E']bUSbY\3 Clmhin ni \_ Jih]fo® ~ nb[n cncmgem_
ni “cmj_hm_qgcnb [ff gchn_l jlin_Jncih ni nb_\__ Jifihc_m ch ]if*
Jfcg[n_m+ N_Jiahcncih mbiofr \_ acp_h ni nb_ [Jn nb[n ¢ nb_|_
[ jlinlIQn_~ j_lci®m i mo\*t_li q_[nb | nb_\__ qcff om_oj
nb_cl I_m_Ilp_ mojjfs i bih_s qcnbch nb_ Jfomn_I+ > ]Jlom_ nb_
_m_Ih[f n_gj_I[nol_m “olcha molb [ j_lci* g[s \_ \ fig nb_
gchcgog Jlenc][f n_gj_I[nol_ ‘il EC ) gbclb cmD-+/2{ B+ [JJil*
chani Lcimlb &.-) nb_\_m]hhin f_[p_ nb_Jfomn_| gbclb b[m
Jihnl[In_~ [g[s ‘lig nb_cl'ii® mojjfs [ |_jf_hc b nb_cl nil_m+
Hce_qcm_)_a[l_mm i° nbcm([ln) nb_|_gcff \_ j_Ilci*m gb_h nb_
Fimm® b_[n ‘lig nb_Jfomn_I][hhin \_ “olnb_I 1_"0] » \s nb_
Jihni[Incih  i© nb_Jfomn_Il)[h" cnrfimmqcff \_ al_[n_| nb[h cnrlig*
j_hm[ncih \s nb_[]ncpcnsi® nb_\_+ ?ihm_ko_hnfs nb_s j_lcmb+
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Dig_p_l) hi molbj_Ici"m i° q_[nb_| q_I_ [p[cf\f_ “olcha nb_
liolm_ i© nb_m_ rji_lcg_hnm+ Pb_ [jj[l_hn I_ emn[h]_ni Jif*
gbclb nb_\__m~cjf[s_* q[m) ch®_™M+ g[le[\f_+ Kh_ ohjJe_*
lifihs  ion i" nb__hncl_m_Ic_ ~c_» "olcha F[ho[ls 4) .60-+ =h*
inb_| ohjfle_~ Jifihs \_mc”*_cn)[h* jl_mog_* ni \_ a_h_I[ffs
mcgcf[l ni cn)mbig_* hi ~_"_Jnmi° nb_Jif*+ Chmhin ]f ]I
gb_nb_l nb_ fiha) Jif* j_lci®) [fih_) Jlom_~ nb_”" gcm_i nbcm
lifihs) il ¢ nb_l_q_l_ inb_I Jihnic\oncha “[Inim+ Clamfce_fs)
big_p_I) nb[n nb_I_g[m I_[f ~lha_l ni ohjje_* lifihc_m [n nbcm
ncg_) [fnbioab hih_ g[m fimnion i" nb_a_h_I[f [jc[ls oh"_|

mcgcf[l Jiicncihm+ @olcha nbenjlenc][f j_lci® 1© .3 ~sm%ol[*
ncih [ff \on nbl__ ~[sm b[® mo\*t_li gchcgogm) ih_ i° gbclb
Aijj_n ni *1.{ B+ Pb_ g_[h gchcgog n_gj_l[nol_ ’il nbcm
j_leir glm *./+/{ B+[h™ nb_g_[h g[rcgog .5+0{B+ Kh_ s
I_glch_~ mo\*t_li "il /1 biolm+ Pb_ bcab_mn_gj I[nol_ I_[]b_*
Molcha nb_j_Ici#  g[m 0-{ B+ Pb[n [ff \on ih_ i" nb_ohje_"

lifihc_m molpcp_~molb [ m_p_I_[h* fiha j_lci* i ]if* qg_[nb_I
g[m nlofs [mnioh*cha+

Pb_ ~c”_I_hn oh™_Imn[h~cha i nb_ I_[[ncih i© nb_ qchn_I
Jfomn_Ini Jif* q_[nb_I I_mofncha’lig nb_m*[n[ b[lgihct_ gcnb
jincllf  _rj_lc_h]_ chgchn_Icha\__mch nb_chn_lgiohn[ch |_acih+
Eh|_flncp_fs "_gq chmn[h]_nb[p_ nb_ligg_llc[f \_e_ j Im jle_"
nb_cl \_m ch [lin[h]_ gcnb nb_ mn[hA[I"m a_h_l[ffs | Jig*
g_h* ~+ Kh nb_qgbif ) nb_sb[p_ om_"[I f_mngchn_| chmoffncih)
[ ch ig_ chmn[h]_nhih_ [n [ff) nb[h b[m\__h [*pcm_» ch nb_
gldilcns i jo\fc][ncih ojih  nb_qchn_Ichai® \__m+ A[lb Jig*
g lleff \_e j I b[ [llicp_® [n becmigh I_kocl_g_hnm \s nlc[f
[p~ i) [p™ Cl-.. nb_mn[hfjichn i° jlin_]ncih  Cl-..  Jifr [fih_
nb_\_e j_Im b[p_ MNo\nf_mmlig_ Ifi _I ni nb_c™_[f nb[h mig_
i” nb_jo\fcmb_» 1_Jigg_h"[ncihm+

Pb_m_A[n[ [fmi chn_hmc ab_cgjinfh]_ 1" inb_I I_liahct_»
mn[h*[I®"m _mm_hncffi nb_mo]]_mm’ofichn_Ichai® \__m+ Ch ]_I*
n[ch nb[nnii golb mnl_miihhin \_ jfl_* ojih nb_mojifs i* [ mo™
“c]c_hnkolhnens i© nb_\_mnko[fcns i" mnil_m’lig  nb_ mn[h?jichn
ir _ng Clig ~_rnlch_ [h* nb_jliji_hmcns ni al[hof[n_) jlij*
_lIfs jfll_* chnb_bcp_m&b_jlipcmcih i" sioha ko__hm8nb__mn[\*
fcmbg_hni® [ hilg[f Jifihs i aii® nl_hanb Jihn[chcha \inb if*
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[~ sioha \__m8mo™c]c_hp_hncf[ncihi® nb_lifihs [n [ff ncg_m8
[p~ jlin_Jncih \s [ aii® qch™Ml_[e ‘lig nb_jl_p[cfcha qgch"m+
Eh [*cncih ni nb_m_qb_|_ cmch”c][ncih nb[n [nn_hncih mbiof* \_
acp_hni nb_jl_p_hncih i© ohh_]_mm[ls ‘fcabnm) mj_]c[ffs “olcha
nb_[ff [ _[lifs mijlcha j_Ici*m+ Pbcmijichn h__“m’olnb_| ch*
p_mnca[ncifh® [h chkocls chni jiinc][f q[sm [h" g_[hm+
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OQII=NU
Pb_ AIn[ ‘lig Ciol s_[Im _rj_lcg_hn[ncih ojih nb_g_n[\*
iftmg i° nb_bih_s\__ Jifihs “olcha qchn_l ch”c][n_ nb[n [m _r*
n_lh[f n_gj_I[nol_m ~ Jfch_\_fiq nb_]fomn_Ichan_gj I[nol_) nb_
g_n[ifc]  I[n_ cmhin g[n_Ic[ffs ch]l_[m_» il jimmc\fs cmhin ch*
J_[m_A~ [n [ff+ Pb_l_ [I_ nbl__I_[mihm ‘il nbcnjih]fomcih7

E+ Pb_ /cfs fimmch g_cabni’ Jifihc_m qgcnb [ff nsj_mi® jli*
n_]ncih cmf_mmil nb_Jif* j_Ici*m nb[h il nb_q[lg j_lci*m i’
nb_qchn_l+ = mogg[ls i [ff Jifihc_m ~olcha [ff j_lci*m mno~c_"
gb_h nb_g_[h ionmc*_n_gj_I[nol_ qg[m [ip_ /5 B+ mbigm [
Ncfs fimmch g_cabn 511 j_| ] _hn al_[n_| n\[h “olcha [ff Jif*
j_lci“m gb_h nb_g_[h ionmc™ n_gj_I[nol_ g[m .27 B+il \ fig+

/+ Pb_ g_[h ]Jfomn_In_gj I[nol_m ch nb_mi*][ff_* b_[n*li*
~oJcha I_acih |_g[ch_" |_g[le[\fs Jihmnhn _a[I*f_mm " ionmc”_
g_[nb_I+ Eh _f p _hion i" “c¢’n__hjifihc_m nb_I_g[m hi chp_Imcih
i" nb_]Jfomn_In_gj I[nol_ ch Il_flncih ni nb_ionmc”®_n_gj_I[nol_
Molcha nb_Jif* mn j_Ici"m i° ‘iol gchn_Im)[h* nb_‘iol ][m_mi
chp_Imcih [I_ Oi mfcabrim ni \_ chmcahc'c][hn+Pb_ ]i_“c]Jc_hn i’
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